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GEOLOGY AND GROUND-WATER RESOURCES OI' CLAY
COUNTY, NEBRASKA

By C. F. KeecH and V. H. DrEESZEN

ABSTRACT

This report presents the results of a cooperative investigation of the ground-
water resources of Clay County, Nebr., by the Geological Survey, U. 8. Depart-
ment of the Interior, and the Conservation and Survey Division, University of
Nebraska. The fieldwork of the investigation, which constitutes a part of a
statewide program of ground-water studies in Nebraska, was done during the
summer of 1954.

Clay County is about 24 miles square and in 1950 had a population of 8,700.
The general physiography of the county is that of an almost level soutl ~astward-
sloping depositional plain, the original surface of which has been slightly
modified by stream erosion and wind action, The Little Blue River is the
only perennial stream in the county. Ephemeral streams which flow only during
and after heavy rains include the West Fork of the Big Blue River and School,
Big Sandy, and Little Sandy Creeks. The climate is subhumid, the normal
annual precipitation being about 25 inches. Agriculture is the principal industry
in the county and corn is the most important crop. More than 21,000 acres
was irrigated from water pumped from 257 wells in 1954. Corn, alfalfa, and
grain sorghums are the principal irrigated crops.

Clay County is in the southeastern part of the loess-plains region of Nebraska
and is immediately west of the glaciated region. Sand and gravel and associated
silt and clay deposits of Quaternary (Pleistocene) and Tertiary age mantle the
area. The thickest deposits of sand and gravel are in two broad buried channels,
one in the northern part and one in the southern part of the cornty. The
Pleistocene sand and gravel yields water readily to wells and is the principal
source of ground water in the county. The deposits of Tertiary age, which
consist principally of partly consolidated fine-textured continental deposits, also
are saturated and yield water to some wells.

The deposits of Quaternary and Tertiary age rest on an eroded, uneven
bedrock surface of rocks of Cretaceous age. The Ogallala formation of Tertiary
age overlies truncated northwestward-dipping strata of Cretaceouns age—in
ascending order, the Niobrara formation, Carlile shale, Greenhorn limestone,
and Graneros shale. No wells or test wells are known to have been drilled into
formations older than the Graneros shale. The rocks of Cretaceous age
have little significance as potential sources for ground water in Clay County.

The water available to wells in the county is derived entirely from precipitation
on the area or areas immediately west and north. The conclusion is reached
that recharge by infiltration of precipitation through the soil is considerable
and probably averages about 1.5 inches per year.

1



2 GEQLOGY AND GROUND WATER, CLAY COUNTY, NEBR.

The use of ground water for irrigation has increased greatlw since 1952,
and more ground water probably could be used without a serious lowering
of the water table. A map showing the thickness of the water-l 2aring mate-
rials indicates that although most of the county has enough underlying water-
bearing material to support irrigation wells parts of the county have little
or none,

Studies of the quality of ground water show that the water has a relatively
low mineral content and is of the calcium bicarbonate type; mineralization,
as measured by specific conductance, ranged from 317 to 691 micromhos (approxi-
mately 210 to 450 ppm of dissolved solids). The quality is affectel appreciably
by local conditions in the proximity of each well, but countywide water-quality
patterns, which are related to water movement and recharge, geology, and
hydraulics of water-bearing material, are apparent. The water is hard but,
with the exception of some water having high concentrations of iron, is usable
for most domestic purposes. Irrigation water in some parts of the county
contains sufficient calcium to maintain the present levels of crop productivity
and soil tilth, but the addition of calcium to the soil may be helpful in other
areas. Calculated leaching requirements were determined for each of the water
samples taken during the investigation,

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATICN

The investigation on which this report is based is par* of a long-
term cooperative program of study of the ground-water resources of
Nebraska that was begun in 1930 by the U. S. Geological Survey
and the Conservation and Survey Division, University of Nebraska.
It is the fifth of a series of detailed local investigation- that have
been made under that program. Several reports that deal with special
phases of the investigations have been published sepsrately. In
addition, hydrologic data obtained in Nebraska during tlese investi-
gations have been published in a number of papers by the Federal
and State agencies and in technical journals,

In 1945 the scope of ground-water investigations in Nebraska was
much expanded by the Geological Survey as part of the program by
the U. S. Department of the Interior for the development of the
water resources of the Missouri River basin. A series of investiga-
tions, which together cover most of the State, have been made under
this program. Most of these have been of the reconnaissance type
to ascertain, among other things, areas where more intensive studies
are needed.

Prior to World War II, ground water in Clay County was used
chiefly for domestic, stock, and public supplies, and demands for
large amounts of water were few. However, since about 1946 many
farmers have begun irrigating with water pumped from wells. The
progressive increase in the use of ground water for irrigation in Clay
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County, and in much of the rest of Nebraska as well, has created a
need for ground-water studies to obtain an adequate understanding
of the quantity and quality of the available supply, the probable safe
yield of the ground-water reservoir, and the possibility of developing
additional supplies. This report provides basic data tfat should
prove useful in the future, for the pumping of large quantities of
ground water is likely to raise many quantitative problem«. At the
present time (1954) ground-water development in Clay County is
less than the optimum. It is reasonable to assume, however, that at
some future time the progressively increasing use of ground water
will lower the regional water table so much that pumping lifts will be
markedly increased, and in localities where the saturated layer of
water-bearing sand and gravel is thin the water supply may be de-
pleted to a point where it would be inadequate for irrigation.

Investigation of the quality of the ground-water resources was de-
signed (1) to determine the chemical type and concentration of the
water; (2) establish the general relationship of water quality to water
movement and recharge, geology, hydraulics of the water-bearing
material, and pumping; (3) evaluate the water in terms of suitability
for domestic and irrigation uses; and (4) point out certain pre-
cautionary measures relative to drainage and calcium recuirements
for successful long-term irrigation. Water samples were collected
from 45 wells, 4 of which were sampled prior to the irrigation season
and again near the end of the season to ascertain changes in water
quality due to prolonged pumping.

All water samples were analyzed by the U. S. Geological Survey.

The investigation was made under the general direction of A. N.
Sayre, chief of the Ground Water Branch of the U. S. Geological
Survey, and E. C. Reed, State geologist and director of the Conserva-
tion and Survey Division of the University of Nebraska. Studies of
the chemical quality of the ground water were made under the general
direction of S. K. Love, chief of the Quality of Water Branch of the
U. S. Geological Survey.

LOCATION AND EXTENT OF THE AREA

Clay County is in an area of upland plains about midwzy between
the Platte and Republican Rivers in southeastern Nebraska (fig. 1).
The county is bounded on the north by Hamilton County, on the east
by Fillmore County, on the south by Nuckolls County, and on the
west by Adams County. Clay Center, the county seat, i 21 miles
south and 72 miles west of Lincoln, the State capital. The county is
about 24 miles square and includes an area of 571 square miles, or
365,440 acres.
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FI16URE 1.—~Index map of Clay County, Nebr.

PREVIOUS INVESTIGATIONS

The earliest investigation of the ground-water resources of an area
including Clay County was made by Darton (1898), who described
the physiography, geology, and ground water in a portion of south-
eastern Nebraska. Lugn and Wenzel (1938) studied the western half
of Clay County as part of an investigation of the ground-water re-
sources of south-central Nebraska. Unpublished reports of geologic
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and hydrologic data by Reed (1948b), consisting of maps showing
types of land, configuration of the water table, depth to water, thick-
ness of the saturated materials, and geologic cross sections, are avail-
able in the open file at the University of Nebraska. Exten-ive test
drilling was done in Clay County during several periods from 1940
through 1949 by the Conservation and Survey Division of the Uni-
versity of Nebraska in cooperation with the U. S. Geological Survey.
The field logs of test holes, location map, and altitudes of the ground
surface at the test-hole sites are published in a county report
(Schreurs and Keech, 1953).

METHODS OF INVESTIGATION

A review of data collected during previous investigations indicated
that additional information was needed for the present investigation;
these data were collected during the summer and fall of 1954.

All irrigation and public-supply wells were inventoried to obtain
data on the wells that withdraw large quantities of water from the
ground-water reservoir. The data collected included the depth of the
well, the amount and use of the water pumped, the depth to water,
the date of drilling, the yield, and the location of each well. (See
table 12.) Information concerning well casings, pumps, power sup-
plies, pumping costs, drilling methods, and distribution systems was
collected. Water samples from representative wells were cnalyzed
in the U. 8. Geological Survey laboratory, Lincoln, Nebr., to deter-
mine the chemical properties of the ground water.

Well drillers, farmers, soil conservationists, and superintendents of
public water supplies were interviewed to obtain information on the
use of water in the county, and all available well and test-hole records
were obtained. Persons using ground water for irrigation were inter-
viewed to obtain data concerning irrigation practices, present and
past water use, type of crops grown, and plans for additional wells or
increased use of ground water. The withdrawal of water by domestic
and stock wells was estimated.

A few wells were selected as observation wells, and periodi~ depth-
to-water measurements have since been made in them to determine the
fluctuations of the water table.

WELL-NUMBERING SYSTEM

Wells and test holes are numbered in this report according to their
location within the system of land subdivision of the U. S. Bureau
of Land Management. The first numeral in the number indicates the
township; the second, the range; and the third, the secticn. The
lowercase letters that follow the section number indicate the position
of the well within the section; the first letter indicates the quarter
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section and the second letter, the quarter-quarter section. The 160-
acre and 40-acre subdivisions of the section are letterec a, b, ¢, and d
in a counterclockwise direction, beginning in the northeast quarter.
Figure 2 illustrates this well-numbering system.

R. 8 W. 7 6 R.5 W
T.
8
N.
7 CLAY COUNTY
6
®)
T.
5
N.
Well number 6-7-26¢cc
R. 7 W. Sec. 26
1 1 1
6 5 4 3 2 1 ) i ]
b | a | b | a
bl e
7 8 9 |10 |11 | 12 ) | g I
. i ! I f
d c d
1w l17 6] 15 |1a|13/4" ¢ ; } }
6 - - |- —-26~— =+ —— ]
N. | 1 ]
19 | 20 | 21 [ 22 | 23 |/2a b 1 a | b | a
| i |
26
30|20 |28 |27 |/ 25| TS —:———“?———"
|
\CO' d [N I 4
31 | 32 { 33 | 34 [+35 | 36 | | |
| | |

Fi1GURE 2.—Sketch showing well-numbering system.
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GEOGRAPHY
TOPOGRAPHY AND DRAINAGE

Clay County is in the southeastern part of the loess-plains region
of Nebraska. The general physiography of the county is that of an
almost level southeastward-sloping depositional plain, the original
surface of which has been slightly modified by stream eros’on and
wind action. Most of the county is covered to a considerabla depth
with loess, locally called “yellow clay.” Most of the county is an
upland; the remainder consists of narrow terraces and flood plains
along the streams. The uplands are flat or gently undulating but are
modified locally by shallow basins. In a few places, especiall~ along
the tributaries of the Little Blue River, Big Sandy Creek, and the
West Fork of the Big Blue River in the southwestern and north-
western parts of the county, stream erosion has produced steep slopes
along ravines eroded into the loess. Alluvial terraces and bottom
lands are best developed along the Little Blue River in the s»uthern
part of the county, the West Fork of the Big Blue River in the
northern part, and School Creek in the northeastern part. The
alluvial surfaces generally are flat, though locally they are modified
by abandoned stream channels, small depressions, and slight eleva-
tions. The alluvial surfaces along the West Fork of the Big Blue
River and most of the larger creeks are 20 to 60 feet below the ad-
joining uplands. The Little Blue River, however, is more deeply
entrenched ; its valley floor is 100 to 120 feet below the uplands.

The flood plains along all the streams except the Little Blue River
are very narrow. Most of the terraces lie 5 to 20 feet above the stream
channels and are underlain by alluvium deposited by the streams
when they were flowing at higher levels.

Drainage of Clay County is effected chiefly through the Little Blue
and Big Blue Rivers and their tributaries. The Little Blus River
and School Creek north of Sutton flow perennially, but all other
streams are dry most of the year and flow only after periods of pre-
cipitation. The West Fork of the Big Blue River, natur~lly an
intermittent stream, now flows perennially because water from the
Hastings, Nebr., sewage-treatment plant is discharged into the stream
at a point about 5 miles west of the Adams-Clay County line.
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CLIMATE

The climate of Clay County is characterized by the great seasonal
extremes typical of southeastern Nebraska. The normal winter is
long and cold, and the summer is very warm. The normal spring is
cool and has an appreciable amount of precipitation; and the fall
season is long, with moderate temperature and occasional periods of
rainy weather.

More than half the annual precipitation normally is in the form
of local thundershowers during May, June, July, and August. The
spring and early summer rains usually are well distributed, although
drought periods are not uncommon. The distribution of precipita-
tion normally is less uniform in late summer and early fall than in
spring and early summer. The late-summer droughts frequently
occur when corn, which is the principal crop, is tasseling. Because
this is a critical time in corn growth, irrigation is almost always
needed for full crop development, even in years when the total annual
precipitation is above normal. The average annual snov'fall is about
25 inches, and the snowfall usually is greatest during February and
March.

Precipitation records have been maintained at Clay Center, Nebr.,
since 1891 except for the years 1911, 1913, and 1914. In figure 3, Clay
Center was assumed to have received during 1911, 1913, and 1914 the
same amount of precipitation as Hastings, Nebr., whicl. is about 16
miles northwest from Clay Center and is the nearest town where
records were kept. Figure 3 shows the annual precipitetion and the
cumulative departure from average precipitation at Clay Center.
The downward trend of the cumulative-departure curve from 1920 to
1940 shows that the annual precipitation during this period generally
was below the average for the period of record. The curve indicates
also that the drought that usually is associated with the 1930’s actually
began in Clay County about 1920, became increasingly severe in the
early thirties, and reached its climax in 1940. Nevertheless, many of
the crop failures during this period were not due entirely to the de-
ficiency in annual precipitation but were caused in part by the un-
favorable distribution of precipitation during the year.

Prevailing winds are from the south during the summer months
and from the northwest during the winter months; however, fre-
quently they blow from other directions. The winds ususlly are mod-
erate to strong and during the summer months are often accompanied
by high temperatures and low humidity, both of which cause rapid
loss of soil moisture by evapotranspiration. Winds, some*imes accom-



GEOGRAPHY 9

panied by hail, that are strong enough to damage property snd trees
occasionally occur with thunderstorms.

The average temperature in Clay County is about 50°F. Tempera-
tures of more than 100°F are common in midsummer, and in winter
they often drop below zero; lows of —25°F have been recorded.

Average growing season is about 155 days. May 2 is the average
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FIGURE 8.—Annual precipitation and cumulative departure from average precivitation at
Clay Center,

date of the last killing frost in the spring; a killing frost has occurred
as late as May 29. The average date of the first killing frost in
the fall is October 4, although the earliest date was September 20.

The following table shows temperature and precipitation data for
Clay Center.
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Summary of temperature and precipitation records at Clay Center from. 1891 to 19654
[From records of the U. 8. Weather Bureau]

Temperature (°F) Precipitation (inches)
Month Totalx for | Totals for
Mean | Minimum | Maximum [ Mean the driest | the wet-
year test year
(19:8) (1915)
24.9 —25 69 0.48 0.50 1.15
29.8 —21 78 .81 .16 3.08
39.2 -7 88 1.01 .13 2.20
51.0 6 93 2.63 .29 1.51
60. 4 28 102 3.64 2.64 6.09
71. 4 42 106 3.83 1.19 8.43
78.0 42 113 3.08 .13 11.82
76.0 41 110 2.92 2.03 3.05
67.1 27 103 2.78 2.19 3.72
54.7 7 92 1.76 .27 .80
39.5 —4 80 .92 0 .42
28.4 —21 72 .61 .78 60
51.7 —25 113 24.47 17.31 42.96
POPULATION

Clay County was organized in 1871, when the population was about
356. By 1880 the population had increased to 11,294, and in 1920
the census reported 14,486 inhabitants, all classed as rural. The
population decreased after the late 1920’s and by 1950 had dwindled
to 8,700, or 15.2 persons per square mile as compared with 17.3
for the entire State of Nebraska.

The population of Clay Center, the county seat, was 824 in 1950;
that of Sutton, the largest town, was 1,353, Harvard had 774 and
Fairfield, 503.

TRANSPORTATION

Transportation facilities in Clay County are good. The main line
of the Chicago, Burlington & Quincy Railroad extends east and west
across the northern part of the county, and branch lines of the Burling-
ton and the Union Pacific Railroads serve the southern parts of the
county. No point in the county is more than 8 miles from a railroad
station.

Two hard-surfaced Federal and State highways cross the county.
U. 8. Highway 6 traverses the county east and west throngh Sutton
and parallels the north boundary of the Hastings Naval Ammunition
Depot ; State Highway 14 bisects the county north and sovth through
Clay Center. State Highway 74, a road that is gravel surfaced
except for 8 miles of hard surface connecting Fairfield with Highway
14, crosses the county east and west through Fairfield. Four miles
of hard-surfaced State Highway 19 connects the town of Edgar
with Highway 14. Improved roads are laid out on nearly all section
lines; many of these are gravel surfaced.
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Telephone lines and rural mail routes serve all parts of the county.

A State-owned airport at Harvard has concrete runways that are
long enough for commercial planes, and a small airport with sod
runways, which can accommodate small aircraft, is situated 2 miles
east of Clay Center.

AGRICULTURE AND SOILS

Agriculture is the chief occupation in Clay County; corn, wheat,
alfalfa, grain sorghum, and oats are the principal crops. 2 ccording
to the annual State census of agriculture, the more than 260,000 acres
of crops grown during 1952 had a market value of more than
$11,000,000; 12,210 acres was irrigated with water from wells, The
field survey for this report determined that the acreage irrigated
from wells during 1954 was 26,232. The comparative value of the
agricultural products of Clay County for 1952 is shown in tl= follow-
ing table:

Comparative values of agricultural products of Clay County for 19562
[From annual State census of agriculture]

Crops produced Livestock on farms
Crop . Acres Value Livestock Number Value
$5,211,620 || Cattle (other than milk
4,403, 180 COWS) o oo ccmccecmeeem 20,310 | $3,292, 250
896,120 || Milk cows__._________._____. 4, 200 1, 062, 600
253, 850 - 755,790
161,920 209, 260
1118,180 31, 680
66, 280
Totalo oo 260, 156 [$11, 044, 870
Total oo $5, 417, 860
1 Estimated.

Most of the soils of Clay County are suited to all crops common
to the region; however, the soils in the shallow depressions in the
uplands range in agricultural value according to the drairage con-
ditions. Some of the soils in the depressions are suitable only for
hay and pasture. Most of the soils of Clay County are underlain
by a “claypan” (a term used locally) that ranges in dep*h helow
the land surface from about 28 inches in well-drained uplands to
about 6 inches in the poorly drained areas, and it ranges in thickness
from about 8 inches in the well-drained lands to about £9 inches
in the poorly drained lands. According to the U. S. Bureau of
Chemistry and Soils, the claypan condition has been causel by the
chemical and physical action on the soils of water from yrecipita-
tion entering or standing on the surface. The relatively imrpervious
soils in the depressions collect and retain surface water after periods
of precipitation, and the soils in these areas are in advanced stages

467829—59——2
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of leaching and concentration of clay in the subsoils. T™e claypan
layer under the well-drained uplands is barely developed and con-
sists of a very heavy silt loam or heavy clay loam about 12 inches
thick.

The claypan in the subsoils of Clay County is particularly sig-
nificant to persons using ground water for irrigation because it
retards the downward percolation of water. If too much water is
applied to lands not having good surface drainage, lo-al water-
logging of the soil often results and salinization of the soil above
the claypan may impair its productivity. Continued saturation of
the soil may destroy the structure and alter the permeability of
the subsoil to the degree that recharge to the ground-water reservoir
from precipitation is reduced.

MINERAL RESOURCES

Except for ground water, Clay County has no known mineral
Tesources of significant economic importance. Some sand and gravel
is obtained from deposits of Pleistocene age in the valley of the
Little Blue River near Deweese. Preliminary exploration for pe-
troleum has been done, but no deep test holes have been drilled.

GEOLOGY 7
STRATIGRAPHIC UNITS AND THEIR WATER-BEARING PEOPERTIES

The stratigraphic units at and near the land surface in Clay
County consist of mantle rock of silt, clay, sand, and gravel of
‘Quaternary (Pleistocene) age. These unconsolidated sediments were
deposited on a relatively uneven, eroded bedrock surface. (See fig.
4.) The bedrock in the county is of Cretaceous and Tertiary age.
The Ogallala formation, a stream-and-wind deposit of Tertiary age,
is the youngest bedrock in Clay County; it immediately underlies
the Quaternary deposits throughout most of the county. The rocks
of Cretaceous age underlie the Pleistocene and Tertiary strata and
are, in order from youngest (uppermost) to oldest (lowermost), the
Niobrara formation, Carlile shale, Greenhorn limestone. Graneros
shale, and Dakota sandstone.

The Cretaceous rocks consist of beds of shale, chalky limestone, and
some sandstone which dip gently to the northwest. These were
eroded to an eastward-sloping surface prior to the deposition of
the Ogallala formation. As a result, the Ogallala formation of Ter-
tiary age or the deposits of Pleistocene age lie on the older Cretaceous
rocks in eastern Clay County and on the younger Cretaceous rocks in
-western Clay County. The Cretaceous rocks are underlain by a
considerable thickness of older limestones, shales, sandstones, dolo-
Tites, and similar types of sedimentary rocks of Permiar. Pennsyl-
vanian, Mississippian, Devonian, Silurian, Ordovician, and Cam-
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brian age. The older rocks are in turn underlain by igneou~ or meta-
morphic rocks.

The possibilities of developing large supplies of water from the
Quaternary mantle rock are excellent in much of Clar County.
However, the possibilities of developing water from wells in the
rocks of Tertiary and greater age are limited.

A generalized section of the stratigraphic units that constitute the
mantle rock and the underlying Tertiary and Cretaceousr rocks in
Clay County is shown by table 1, which gives their range in thickness,
lithologic character, and importance as sources of water supply.

CRETACEQUS SYSTEM
LOWER CRETACEQUS SERIES

DAROTA SANDSTONE

The Dakota sandstone underlies Clay County at a considerable
depth. It consists of a series of interbedded shale and sandstone. No
test holes or wells sufficiently deep to penetrate the Dakota are known
to have been drilled in the county. Tests drilled for oil end gas in
adjoining counties indicate that the average thickness of the Dakota
in Clay County probably is about 350 feet. The formations of Creta-
ceous age dip northwestward, and the depth to the upper surface of
the Dakota sandstone increases from about 460 feet below the land
surface in the southeastern corner of the county to about €350 feet in
the northwestern corner.

In general, less than half the total thickness of the Dakota sandstone
in the vicinity of Clay County is sandstone. The sandstone generally
is fine to medium grained and is moderately to loosely cemented. The
quality of the water contained in the sandstones in the Dakota in
Clay County is not known. However, analyses of water from the
Dakota sandstone in Seward, Saline, Lancaster, and Jefferson Coun-
ties, which are east of Clay County, indicate that mineral’zation of
the water in the Dakota sandstone increases westward and v-ith depth
below the land surface. The water in the Dakota sandstore in Clay
County probably is too highly mineralized to be suitable for irriga-
tion or domestic use and may be unsuitable even for livestock.

UPPER CRETACEOUS SERIES
GRANEROS SHALE

The Graneros shale lies immediately above the Dakota sandstone
and is present beneath all of Clay County. It isthe uppermost Creta-
ceous unit found in the subsurface in the deeper part of the buried
channel in the southeastern part of the county. (See pl. 1.) It is
present below the younger Cretaceous strata at progressively greater
depths northward and westward throughout the remainder of Clay
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EXPLANATION
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FIGURE 4.—Block diagram and generalized geologic sections, Clay Co'nty.
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County. The drill bit entered the Graneros shale in only one test.
hole, 5-4-30bb, where 20 feet of the upper calcareous port’on of the
Graneros was penetrated. The Graneros shale consists of al'out equal
thicknesses of an upper dark-gray calcareous shale containing thin
limestone layers and of a lower noncalcareous dark-gray sh~le. The
average thickness of the Graneros shale, where not eroded, in Clay
County and vicinity is probably about 65 feet; the shale is relatively
impervious and is not a water-yielding formation in the county.
GREENHORN LIMESTONE

A sequence of interbedded gray fossiliferous limestone and calcar-
eous shale named the Greenhorn limestone immediately overlies the
Graneros shale. However, the Greenhorn limestone was not pene-
trated in any of the test holes in Clay County. The formation has
been removed by erosion from the deeper part of the buried channel
in the southeastern corner of the county. (See pl.2.) The formation
is present under the remainder of Clay County, but it is the upper-
most Cretaceous unit only in the southeastern part of the county
around the outer portion of the area mapped as Greenhorn limestone
and Graneros shale, undifferentiated. (See pl.1.) The average thick-
ness of the Greenhorn limestone where not eroded in the Clay County
area is about 25 feet. The limestone is relatively impervious and is
not considered to be a potential aquifer in the county.

CARLILE SHALE

Overlying the Greenhorn limestone, the Carlile shale is present in
all of Clay County except in the southeastern part where it was re-
moved by erosion after Cretaceous time. (See pl.1.) The formation
was penetrated by the drill in several test holes in the buried-channel
area in the southern half of the county, in one test hole east of Har-
vard, 8-7-36dd, and in several test holes in the northern half of eastern
Clay County. The Carlile shale in Clay County is approximately 285
feet thick at places where all the formation is represented.

The lower 70 to 90 feet of the Carlile shale, known as ths Fairport
chalky shale member, consists of dark-gray calcareous sl'~le inter-
bedded with thin layers of fossiliferous limestone. The drill pene-
trated the Fairport in only two test holes, 6-6-81bb and 5-5-1dd. The
shale in test hole 5-5-1dd is oxidized to a yellow and yellow-gray
color. The Blue Hill shale member of the Carlile overlies the Fair-
port chalky shale member and is principally a medium- to dark-gray
noncalcareous clay shale; its thickness ranges from about 195 to about
215 feet in Clay County. The Blue Hill shale member was weathered
to light gray to the depths it was penetrated in test holes 5~¢-19bb and
6-6-18bb. Thin ironstone-claystone layers or concretions were inter-
bedded with the shale in these test holes. Locally, a fine-grained sand-
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stone known as the Codell sandstone member is present in the upper
few feet of the Carlile shale in Nebraska (Condra and Peed, 1943, p.
17). The upper 5 feet of the Carlile shale in test hole 6-£-19bc was in
part coarse silty to very fine sandy shale and may represent the
Codell member. Underlying the Niobrara formation ir test hole 8-
7-36dd, a 1-foot layer of noncalcareous, argillaceous sandstone that
contains very fine quartz sand grains was penetrated by the drill be-
tween the depths of 383.5 and 384.5 feet. The sandstone contained a
few pyrite grains and grains of rounded siliceous dark claystone or
ironstone 1 to 2 millimeters in diameter. No sandy shale or sandstone
was present in the upper part of the Carlile shale in test holes drilled
along the east Clay County line. (See pl. 2,sec. 4-4".)

The Carlile shale is not known to yield water to wells in Clay
County and cannot be considered a potential aquifer bacause of its
fine texture and low permeability.

NIOBRARA FORMATION

The Niobrara formation is a yellow and light- to dark-gray chalky
shale and chalk. Tt immediately overlies the Carlile shale and is the
youngest Cretaceous formation in Clay County. During post-Creta-
ceous and pre-Tertiary time, the Niobrara formation was removed by
erosion from the deeper part of the buried channel in southern Clay
County and from much of the east half of the buried channel in the
northern part of the county. A part of the formation was removed
by pre-Tertiary or pre-Pleistocene erosion in the remainder of the
county. The Niobrara formation in Clay County is thickest in the
northwestern part of the county, where it is estimated to be about 380
feet thick.

The Niobrara formation has been subdivided into two members, the
Fort Hays limestone member below and the Smoky Hill chalk member
above, but no attempt is made to differentiate them in this report. The
less argillaceous and lighter colored chalk and chalky shale in the basal
part of the formation, from 355 feet to 883.5 feet in test hole 8-7-36dd,
probably is correlative with the Fort Hays. Five additional test holes,
8-5-1dd, 8-5-24dd, 74-19cc, 6-4—6¢cc, and 6-8-19bce, were drilled
through the lower part of the Niobrara formation and penetrated
material that probably represents the Fort Hays.

The upper part of the Niobrara formation is oxidizec to colors of
yellow, white, orange, and yellow-gray over the buried r’dges and the
side slopes of the buried valleys. The maximum thickners of oxidized
shale penetrated during test drilling was in test hole 6—4-6cc in east-
central Clay County. The entire Niobrara formation in this test hole,
56.5 feet, was oxidized to a light color—yellow except for some white in
the upper 19 feet and the lower 4.5 feet.
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No wells in Clay County are known to obtain water from the Nio-
brara formation. A few stock or domestic wells in east-central and
northeastern Clay County, where water is not available from the de-
posits of Tertiary or Quaternary age, may be obtaining water from
the Niobrara formation. Normally, the Niobrara formation is not an
important source of water for wells; however, records on fils at the
Conservation and Survey Division, University of Nebraska, show that
small yields are obtained from this formation in Nuckolls County,
which adjoins Clay County to the south, and in a few other local areas
in the State. The water in the formation is believed to be contained in
crevices and solution channels, principally in the upper few feet.
Crevices or solution channels are more common in the highly
weathered shale, but they are not everywhere present. T = per-
meable zones in the Niobrara formation can be detected by a loss of
drilling fluid during drilling in hydraulically drilled test holes. For
example, circulation of drilling fluid was lost completely while drilling
in the chalk in test hole 8-5-24dd. The water from the Niobrara for-
mation probably is more highly mineralized than water from the over-
lying formations of Tertiary and Quaternary age.

TERTIARY SYSTEM
PLIOCENE SERIES
OGALLALA FORMATION

A rather extensive deposit of relatively fine-textured sedimentary
rocks of continental origin immediately overlies the Cretaceous bed-
rock in much of Clay County. This unit is believed to be the Ogallala
formation, equivalent to the Seward facies of that formation as de-
scribed by Condra, Reed, and Gordon (1950, p. 15). The Ogallala
formation in Clay County consists principally of unconsolidated light-
brown and light brown-gray silt, clayey silt, and sandy silt. Beds of
fine sand, some of it silty, and thin marly layers are present in the for-
mation; present locally is a basal sand and gravel commonly contain-
ing many fragments reworked from Cretaceous bedrock., The silt was
found to be partly consolidated in some test holes. Silty clay was the
dominant material of the Ogallala formation in test holes 5-5-1dd,
5-4-30bb, and 4-5-12aa in southeastern Clay County. The Ogallala
formation in these test holes is predominantly medium gray in color;
its color is commonly light and medium gray in the lower part. of the
formation in other test holes where the formation is comparatively
thick. The calcareous content of the Ogallala in this area varies con-
siderably ; much of the formation is slightly calcareous, but noncal-
careous layers, relatively thin marly limestone layers, and calcareous
nodules are common. Small calcareous root casts were presert in the
upper part of the formation in test holes 8-9-12aa and 8-8-19cc in
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northwestern Clay County. A few small snail and pelecypod shells
were recovered from the basal sand and gravel in test hole 6-8-19bce
south of Glenvil, Nebr., and snail and pelecypod fragments were pres-
ent in the upper part of the formation in test hole 6~6-31k'b in south-
central Clay County and at places in test holes 5-4-30bb ard 4-5-12aa
in the southeastern part of the county.

The Ogallala formation is lithologically similar to some of the finer
textured formations of Pleistocene age and is not readily cistinguish-
able from those formations where they immediately overlie the Ogal-
lala, except where the upper surface of the Ogallala is oxidized.

The deposits of the Ogallala formation are believed to have formed
a relatively flat plain by the end of Pliocene time. Although the for-
mation subsequently was extensively eroded, it underlies much of Clay
County; it is discontinuous over the buried ridge of Cretaceous rocks
extending from the vicinity of test hole 7-9-12aa south of Trumbull
southeastward to Clay Center; it has been removed or is thin over most
of the ridge extending east from Clay Center to the Cley-Fillmore
County line. The formation is relatively thin over the ridge of Creta-
ceous rocks in northern Clay County extending from Trumbull
through Eldorado and eastward across the county; it was removed by
erosion from the north side of the buried valley northeas® of Sutton
in early to middle Pleistocene time. The deposits of tI'~ Ogallala
formation are thickest in the buried valley in southern Clay County,
where the maximum thickness penetrated by the drill was 192.5 feet,
in test hole 6-6-31bb northeast of Fairfield.

A few domestic wells may obtain water from a sandy f-cies of the
Ogallala formation or from a basal rubbly layer in the ar-as of high
bedrock. The formation in Clay County is not an important aquifer,
however, because of its generally fine texture and relatively low per-
meability. Where coarse-textured sediments occur in the lower part
of the formation in the buried valleys, they are overlain by compara-
tively thick coarse-textured deposits of Pleistocene age vhich yield
water so readily that wells do not need to be drilled to the Ogallala.

QUATERNARY SYSTEM
PLEISTOCENE SERIES
The relatively flat plain that existed at the end of Pliocene time
was extensively eroded during early Pleistocene time to a surface
of broad ridges and valleys. A map showing the configuration
of the surface at the base of the Pleistocene was prepared from the
logs of test holes, wells, and seismic-survey shot holes. (See pl. 3.)
The early Pleistocene surface probably was modified locally by
erosion during Pleistocene time; however, it is believed that the map
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showing the configuration of the base of the Pleistocene also closely
approximates the pre-Pleistocene surface. The two terms “base of
the Pleistocene” and “pre-Pleistocene” therefore are used synony-
mously in the remainder of this report.

The drainage pattern of the pre-Pleistocene surface is similar to
that of the pre-Tertiary surface. The buried channels and the ridges
are broader on the pre-Pleistocene surface, but the position of their
axes is nearly the same, indicating that the Cretaceous bedrock in-
fluenced the retention of the ridges, and erosion of the less resistant
deposits of Pliocene age resulted in the formation of broad channels.
There are two principal buried channels in the pre-Pleistocene sur-
face in Clay County, one in the northern part and one in the southern
part of the county. (See fig. 4 and pl. 2.) A bedrock ridge divides
the channel areas and extends from near the center of T. 7 N., R.
8 W., on the Clay-Adams County line, eastward to a point just north
of Clay Center, then eastward to the Clay-Fillmore Connty line.
An irregular bedrock high is present near the north Clay County
line from Trumbull to the northeastern corner of the courty, where
it forms a broad buried hill.

The bedrock is relatively high in southwestern Clay County also.
The bedrock surface is shown to be more highly dissected in south-
western Clay County than elsewhere (see pl. 1), but this is because
more detailed information is available from seismic shot hole logs,
not necessarily because the surface is actually rougher. Undoubt-
edly, much of the information is subject to some error, but it is
believed that the principal features shown on the map are correct.
A relatively restricted pre-Tertiary channel is shown to b present
just north of Deweese, trending eastward and southeast~ard and
crossing the Clay-Nuckolls County line south of Edgar. Some evi-
dence indicates that the area immediately north and west of Edgar
may be underlain by a considerably higher bedrock ridge than that
shown on the areal geologic and the pre-Pleistocene maps. (See pls.
1 and 3.) Irrigation wells are comparatively shallow in this area,
and Lugn (1935, p. 35) noted that “shale bedrock” had been reported
in the vicinity of Edgar. “Yellow clay and lime rock” that was
logged in irrigation test well 5-6-22da (see table 9) between the
depths of 153 and 155 feet may be a part of the Niobrara formation
that remains as an outlier. The “clay” logged in the same test well
between the depths of 136 and 153 feet may be a part of the Ogallala
formation.

The broad buried channels shown by the contours on plate 8 are
the areas of greatest thickness of Pleistocene sand and gravel. The
approximate depth to the base of the most favorable water-bearing



22  GEOLOGY AND GROUND WATER, CLAY COUNTY, NETR.

materials can be obtained by subtracting the altitude shown on this
map from the altitude of the land surface at the same location. More
test drilling is needed to determine the possibilities for developing
large-capacity wells at specific localities in the vicinity of the buried
bedrock highs than is required in other parts of Clay County.

Deposits of Pleistocene age mantle all Clay County. These de-
posits consist of alluvial sand or sand and gravel, alluvial and col-
luvial silt and clay, eolian silt, and some eolian sand. TRelatively
thick water-saturated sand and gravel channel-fill deposits underlie
all the county except over parts of the higher bedrock ridges; this
sand and gravel yields nearly all the ground water used in Clay
County. The windblown deposits of loess mantle the sand and
gravel and older deposits; they are the surficial material that covers
all the county except some steep slopes along the major stream
valleys and are the parent material of the fertile soils in the county.
Although deposited during the glacial and interglacial stages of
the Pleistocene epoch, the Pleistocene sediments were depo-ited just
west of and outside the glaciated region of Nebraska. Buriod glacial
till, which is considered to be Kansan in age by Condra, Reed, and
Gordon (1950, fig. 8), is present in Fillmore County, less than 12
miles east of the Clay-Fillmore County line.

The Pleistocene deposits of the extensive periglacial arca of Ne-
braska, which includes Clay County, have been studied by many per-
sons. The classification of the periglacial deposits that has evolved
is based on correlation with the glacial deposits in eastern Nebraska
and other glaciated areas. The scarcity of exposures of deposits of
middle to early Pleistocene age over much of the periglacial and
adjacent glaciated areas makes exact correlation between the glacial
and periglacial deposits difficult. The first comprehensive study of
the Pleistocene geology of Nebraska was made by Lugn (1935, p.
1-213), who used data from available logs of wells and tes® holes in
his study and report. Data from many additional test holes were
available to Condra, Reed, and Gordon (1950, p. 1-74) in their cor-
relation of the Pleistocene deposits between the glacial and peri-
glacial areas in Nebraska and in their classification of the Pleistocene
(1950, p. 10-13). More precise correlation of some of the p-riglacial
deposits with the glacial deposits in Nebraska will require s dditional
study.

Correlation of the deposits of Pleistocene age in Clay County is gen-
eralized to some extent in this report. If more than one interpreta-
tion is possible, the simpler interpretation, assuming conformable re-
lationship between units, is used.
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HOLDREGE FORMATION AND RED CLOUD SAND AND GRAVEL, UNDIFFERENTIATED

The Holdrege formation is the oldest recognized deposit of Pleisto-
cene age in the periglacial area of Nebraska. It consists of sand and
gravel deposited when the Nebraskan glacier was advanc'ng and the
Nebraskan till was being deposited ; the formation may include some
sand and gravel deposited during the retreat of the Nel'raskan ice.
The eastward-flowing streams aggraded their valleys with sand and
gravel as the glacier in eastern Nebraska diverted the streams
southward.

The Fullerton formation of silt, clay, and, locally, fine sand of flu-
vial-eolian origin was deposited during the Aftonian interglacial
stage on the partially eroded sand and gravel plain of tI - Holdrege
formation (Condra, Reed, and Gordon, 1950, p. 18-19). No per-
sistent deposit of fine-textured sediments in Clay County can be defi-
nitely correlated with the Fullerton formation. Silt and clay in test
hole 4-5-12aa between the depths of 90 and 106 feet (see sec. A-4’,
pL 2) and in test hole 4-9-1aa between the depths of 80 sud 103 feet
(see sec. C-C’, pl. 2) may be the Fullerton formation. However, it
is believed more probable that the material in test hole 4-5-12aa is a
silt and clay member of the Red Cloud sand and gravel, wlich is Kan-
san in age. The Fullerton formation may not have been deposited
in this area, it may have been removed by erosion, or it may be pres-
ent in an unrecognized relationship.

No attempt was made to differentiate the stratigraphically younger
Red Cloud sand and gravel from the Holdrege formation because the
Fullerton formation, which in normal stratigraphic relationship
would be present between the Holdrege and Red Cloud formations,
was not definitely recognized.

The Red Cloud sand and gravel, described by Schultz, Reed, and
Lugn (1951), consists of sand and gravel deposited in the periglacial
area at the time of the advance of the Kansan glacier. The Red Cloud
sand and gravel is believed to be present in Clay County because of
the close proximity of the county to the glaciated area and because
the county lies in a major drainageway of Pleistocene tim>. Much of
the material designated as the Holdrege and Red Cloud (see pl. 2)
may be only the Red Cloud.

The Holdrege and Red Cloud, as used in this report, are differen-
tiated from the overlying Grand Island formation principally on the
basis of differences in texture. The unit, particularly in the upper
part, is finer textured than the overlying sand and gravel of the Grand
Island formation. The Holdrege and Red Cloud unit in the main
buried channel in southern Clay County can be subdivided into an
upper sand or sand containing some gravel, a middle relatively coarse-
textured sand and gravel, and a lower sand. The greatest thickness
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of the unit penetrated by the drill, 170 feet, was in test hole 5-4-30bb,
in southeastern Clay County. (See sec. A-A4’,pl. 2.) Layers of silt
and clay are interbedded with the sand and gravel in the lower half
of the unit in the southeastern part of the county.

The major pre-Pleistocene valleys were aggraded to a considerable
depth and much of the side slopes and lower buried ridges were cov-
ered by the Holdrege formation and Red Cloud sand snd gravel.
These formations are absent over much of the northern quarter of
Clay County, over the higher parts of the bedrock ridge through the
central part of the county, and over the bedrock high in the southwest-
ern part of the county.

The Holdrege and Red Cloud unit is saturated and is a good to ex-
cellent source of ground water. The deposits of this unit generally are
finer textured than those of the overlying Grand Island formation,
but they are comparatively well sorted and yield water to many irri-
gation wells in Clay County.

GRAND ISLAND FORMATION

The current (1956) usage in Nebraska of the name Gr~nd Island
formation is as redefined by Schultz, Reed, and Lugn (1¢31, p. 548—
549) ; that is, the formation includes the sand and gravel deposited
during “the retreat and waning of the Kansan ice sheet (late Kan-
san) and early Yarmouth (Sappa) time.” The Grand Island forma-
tion in Clay County is believed to be correlative with ths sand and
gravel lying in channels eroded into and through the Kansan till in
central and northern Fillmore County (Reed, 1953).

The Grand Island formation consists principally of comparatively
coarse-textured sand and gravel. A silt and clay member divides the
formation in the western half to two-thirds of the county. (See secs.
B-B’ and C-0’, pl. 2.) The silt and clay layer is absent along the
Clay-Fillmore County line (see sec. 4—-A4’, pl. 2), but the average
thickness (75 to 100 feet) of the Grand Island formation is retained
through the main buried channel. A silt and clay layer was pene-
trated between the depths of 63 and 75 feet in test hole 7-5-3da at
Sutton in the sequence assigned to the Grand Island formstion (table
9). The thickest layer of the silt and clay was penetrated in test hole
7-7-25dd in central Clay County, where it was 80.5 feet thick and
present between the depths of 103 and 133.5 feet. The ugmer 14 feet
of this member in test hole 7-7-25dd consists of calcaresus, unoxi-
dized clay and silty clay and contains many snail shells, a few speci-
mens of which are on file in the office of the Conservation and Survey
Division, University of Nebraska.

The upper 5 to 10 feet of the sand and gravel of the Grand Island
formation, both above and below the silt and clay member, generally
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is a sand or is finer grained than the underlying sand and gravel.
The upper part of the Grand Island formation is exposed on slopes
along the Little Blue River valley.

Sand and gravel deposits of the upper part of the Grand Island for-
mation and the overlying Sappa formation are exposed in a sand and
gravel pit near the center of the east line of sec. 9, T. 5 N, R. 8 W.;
however, the contact between the Sappa and the Grand Island is not
easily discernible. A lens of partly altered volcanic ash, whose thick-
ness ranges from a featheredge to 114 feet and which is abcnt 6 feet
long, is exposed about 5 feet above the water level in the northwestern
corner of the sand and gravel pit. The altitude (by altimeter) of
the ash lens is 1,720 feet, and the altitude of the top of ths middle
sand and gravel member of the Sappa formation is 1,780 feet above
mean sea level; thus the distance from the top of the middle member-
of the Sappa formation to the volcanic ash is 60 feet, a greater thick-
ness than the combined thickness of the middle and lower members
of the Sappa formation. The altitude of the ash lens and the thickness:
of the sand and gravel above it suggests that the ash may be in,
and near the top of, the silt and clay member of the Grand Island
formation. (See test hole 5-8-6bb, sec. O-C’, pl. 2.) Becruse only
one ash layer has been recognized to date in the Pleistocene deposits,
possibly the silt and clay member correlated in this report as a part
of the Grand Island formation actually may be a part of tl's Sappa
formation. (See discussion of the Sappa formation.) If the silt
and clay member is proved to be a part of the Sappa formation, then
the sand and gravel above it could be the middle sand ard gravel
member of the Sappa formation or possibly the Crete formation.

The maximum thickness of the Grand Island formation in Clay
County is about 100 feet (see test hole 5-5-1dd, sec. 4-4", pl. 2)
and the average thickness over most of the county is between 60 and.
80 feet. The formation is absent over much of the bedrock ridge
east of Clay Center and is thin or absent in much of the county south
of the Little Blue River; it is thin over the bedrock ridges north of
Sutton and north and northeast of Trumbull. Most of the Grand
Island formation is saturated and is an excellent aquifer. All large-
capacity wells in Clay County obtain water in part from th~ Grand.
Island formation, and many of the wells obtain water principally-
from that formation.

SAPPA FORMATION

The name Sappa formation was proposed by Reed (1948a) as a.
replacement for the name Upland formation (Lugn, 1935, p. 119)..
The formation overlies the Grand Island formation and is considered
by Condra, Reed, and Gordon (1950, p. 22) to be Yarmouth or late:
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Kansan in age. Reed (1948a) described the Sappa formation at its
type locality in Sappa Township, Harlan County, and specifically
designated the type locality as the SW1,NE1/ sec. 11,T.2 N.,, R.20 W.
Reed and Schultz (1951, p. 2, 3) described the Pleistocen- stratigraphy
at the type locality as follows:

1. Peorian loess; 25 feef.

2. Loveland loess: red-brown silt to sandy silt with dark-colored Sangamon soil
in upper few feet; transitional to underlying Crete in lower 114 feet; thick-
ness, 12 feet.

3. Crete sand and gravel, red-brown; limited to channels cut irto Sappa forma-~
tion; thickness, absent to 2 feet 6 inches.

4. Sappa formation ; 25 feet 2 inches:

a. Upper silt member: upper 5 feet 9 inches greenish-gr=y silt, clavev in
middle part; lower 7 feet light green-gray sandy silt, laminated in
lower part; aggregate thickness, 12 feet 9 inches. (In next ravine
to west the dark Yarmouth soil developed on the ton of this member
has been preserved from erosion but removed at this locality.)

b. Middle sand and gravel member: gray sand with grav-l streaks, fine to
medium coarse-grained cross-bedded to laminated. grading down-
ward into a fine gravel with erosional base; thickness, 4 feet 6 inches
to 5 feet 9 inches.

c. Pearlette volcanic ash member, erosional top: upper 1 foot 9 inches to
3 feet is massive white volcanic ash; next below is 2 to 4 inches of
clay partings interstratified with volcanic ash resting on a 2-foot bed
of white massive volcanic ash; the basal 7 to 9 inches consists of
laminated volcanic ash; aggregate thickness, 4 feet 10 inches to 6 feet
1 inch.

d. Lower silt member: greenish-gray sandy silt, becoming sandier in lower
part, transitional to underlying Grand Island formation; thickness,
1 foot 10 inches.

5. Grand Island sand and gravel formation, only upper part exposed: sand,
gray, fine-grained in upper part with dark-colored laminae in upper 8 inches,
coarser in lower part; 1 foot 2 inches to 12 feet 6 inches exnosed above base
of ravine.

Lugn (1935, p. 126) described an exposure of 6 to 8 feet of grayish-
green sandy clay in a roadside bank about 1 mile north of Eldorado
in northern Clay County and referred to it as the Uplend formation.
He also stated (1935, p. 126-127):

The Upland gray-green sandy clay was found to be 25 to 30 feet thick, one of
its thickest known occurrences, in a deep irrigation well about 2 miles north of
Eldorado, in the northwest 4 of sec. 34, T. 9 N., R. 6 W. Ti > well is 90 feet
deep, and the remainder of it is entirely in the Grand Island sand and gravel.

The Sappa formation in test hole 9-7-36dd (see sec. B-B’, pl. 2),
which is about 3% miles west of the irrigation well noted by Lugn, is
28 feet thick. A description based on microscopic examination of
samples of the Loveland and Sappa formations in test hole 9-7-36dd
is as follows (see also table 9):
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Loveland formation:

Silt, moderately clayey and slightly sandy, dark brownish- T?;ﬂ)m mf
BTAY o o e ————— 3.5 22
Silt, very clayey, dark-brown. - - ___ e 2 24
Silt, very clayey, medium-brown. . _ . .. ..o 6 30
Silt, moderately clayey, medium-brown_._______ . ____..__. 5 35
Silt, moderately clayey and slightly sandy, medium-brown;
contains very fine to fine sand and a trace of medium sand_. 3 38

Silt, moderately clayey and slightly sandy, light- and medium-

brown; contains coarse-textured silt and very fine to fine

sand; contains a few dense limy nodules and some white

Hmy areas. - o o e 2 40
Silt, moderately clayey and very slightly sandy, medium-

brown; contains very fine to fine sand and a trace of medium

sand; contains white limy areas_. ___ . __ .. __._._.___._ 5 45

Sappa formation:

Silt, moderately clayey and very slightly sandy, light brown-

ish-gray; contains very fine to fine sand and a few white

limy areas. - ..o 2 47
Silt, very clayey, light brownish-gray; contains a trace of very

fine to fine sand; contains many dense limy nodules and

white limy areas below 49 feet.__. __ ... __ . __.___ . _.___ 8 55
Silt, slightly clayey and moderately sandy, light brownish-
gray; contains very fine to fine sand and some medium sand. 5 60

Silt, slightly clayey and moderately sandy, interbedded with

some silty sand, light brownish-gray; texture of sand grades

from very fine to fine and some medium to coarse..__—_._.__ 8 68
Silt, moderately clayey and slightly sandy, medium-brown;

contains very fine to fine sand; contains a few limy nodules

to 70 feet o e 5 73

The material from 45 to 60 feet in test hole 9-7-36dd is be'ieved to
be the upper silt member of the Sappa formation, the material from
60 to 68 feet is the middle sand and gravel member, and the more
weathered material from 68 to 73 feet is the lower silt member.
These three members are present throughout most of Clay County.
The Pearlette ash member of the Sappa formation (Frye, Swineford,
and Leonard, 1948, p. 513) was not definitely recognized in Clay
County.

A lens of volcanic ash that is believed to be in the Grand Island
formation was observed in a sand and gravel pit in soutl western
Clay County near the center of the east line of sec. 9, T. 5 N, R. 8 W.
Dr. Ada Swineford, geologist and petrographer, Kanses State
Geological Survey, examined a sample of this ash and stated (written
communication, 1955) that, although the ash is weathered and the
evidence is inconclusive, a few fresh shards have an index of refraction
of about 1.499-0.002, the same as that of material in the earlette
ash member of the Sappa formation. However, according to Dr.
Swineford, the shape of the shards is unlike that of any she has

467820—59——3
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previously seen, in that many consist only of bubble junctures with
no glass between them.

If, as suggested on page 25, the silt and clay member of the Grand
Island lying at the level of the volcanic ash lens actually is Sappa,
then the middle sand and gravel member and the upper silt member
of the Sappa, as discussed below, more likely would ks considered
to be a part of the Crete and Loveland formations. A re-examination
of the correlation of the lower silt member of the Sappa, as discussed
below, would also be necessary if further regional study of the Clay
County area proves the above to be true. The lower silt member in
parts of the county is thin or discontinuous, and the sand and gravel
below it generally is coarse textured and thick. In the areas where
this silt member is thin, it may prove to be a lens witkin sand and
gravel of Illinoian age.

The lower silt member of the Sappa formation in Clay County
usually ranges in thickness between 5 and 15 feet. It was not present
in several test holes; the maximum thicknesses recorded vere 22.5 feet
in test hole 7-7-25dd north of Clay Center and 43 feet in test hole
7—4-19cc in the east-central part of the county. An alternate corre-
lation of the deposits between the depths of 40 and 47 feet in test
hole 7—4-19cc is with part of the Loveland formation rather than
part of the Sappa formation ; the lower 43 feet of silt and clay between
the depths of 47 and 90 feet may represent all the Sapra formation
rather than only its lower member.

No exposure of the lower silt member of the Sappa formation was
found in Clay County. A 2-foot thickness of brown-grry fossil soil
that overlies as much as 2 feet of light-gray sandy sil* is exposed
south of test hole 4-5-12aa and along the north slope of Big Sandy
Creek in the northwest corner of sec. 8, T. 4 N., R. 4 W., in Thayer
County. This exposure of soil and silt is believed to I'» the lower
member; it is overlain by the Loveland formation, which contains
small gravel in its lower 1 or 2 feet; and it is underlain by sand and
gravel of the Grand Island formation.

The lower part of the Sappa formation is water saturated in the
northeastern and central parts of the county, but the formation lies
above the water table in the remainder of the county. Where satu-
rated, the formation may yield some water to wells, but its principal
significance is as a transmitting agent in recharge to the ground-water
reservoir.

The middle sand and gravel member of the Sappa formation is
present in most of Clay County; it is absent or thin in north-central
and in east-central Clay County. (See secs. 4-4” and B-B’, pl. 2.)
The maximum thickness of the member found in the test holes is
about 30 feet. The middle member consists of comparatively coarse-
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textured sand and gravel; the lower part of the member confains as
much as 50 percent gravel. The sand and gravel grades woward
into sand, and in places the sand grades into the sandy silt and silt
of the upper member of the Sappa.

The upper silt member of the Sappa formation consists of brown,
gray, and yellow-gray silt, silty clay, and sandy silt. The deposit
is in part a loess, and a fossil soil overlies it in some localitie~. The
upper member is not readily distinguishable from the overlying brown
clayey silts of the Loveland formation in places where the buried
soil and subsoil were removed prior to the deposition of the Loveland.

A silty clay layer containing much secondary calcium carbonate,
believed to represent a fossil subsoil of the upper member of the
Sappa, is present in test holes 8-5-1dd, 8-7-36dd, 9-7-36dd, 6-&-19bce,
and 8-7-36dd. A dark-brown fossil soil, 8.5 feet thick, is pre-ent on
the upper silt member in test hole 8-8-19¢c; a dark soil, 2 fee* thick,
is present on the member in test hole 8-9-12aa.

The upper silt member of the Sappa formation is exposed at
several places in southwestern Clay County along the eroded side
slope of the Little Blue River valley. An exposure in a road cut and
ravine in the southeast corner of the SW1/ sec. 6, T. 5 N.,, R. 8 W,,
consists of 6 to 8 feet of very light-gray and yellow-gray marl,
moderately clayey silt, and sandy silt. Snail, pelecypod, and bone
fragments were found in the lower part of the exposure. Here the
altitude, by altimeter, of the base of the upper silt member is 1,798
(=5) feet above mean sea level. Two and one-half feet of ligl-t-gray
clayey to slightly sandy silt, capped by 8 inches of dark-gray fossil soil
and overlying fine to medium sand, is present in a road ditch in the
SW1,NE1; sec. 7, T. 5 N., R. 8 W.; here, the altimeter altitude of
the base of the upper member is 1,778 (=%5) feet.

The maximum thickness of the upper silt member of the Sappa
formation recorded in Clay County is 28.5 feet, in test hole 6-6-31bb,
Here, the material penetrated in the lower part of the hole includes
10 feet of silty sand, which may be a part of the middle sand and
gravel member. The upper member underlies most of Clay County;
however, it was removed by erosion in the Little Blue River valley
and is thin or absent in south-central and southeastern Clay County
in test holes 5-6-19bb, 5-5-1dd, and 5-4-30bb and in irrigation well
5-6-32cc. (Seesec.A A’and B-B’,pl.2.)

CRETE FORMATION

The Crete formation is described by Condra, Reed, and Gordon
(1950, p. 24-25) as a channel-fill deposit of sand and gravel that is
believed to be Illinoian in age. They state:

In general the Crete formation is limited in its occurrence to channels associ-
ated with but generally broader than our present well-developed valleys. In
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some cases it extends under the valley bottomlands and lowsr terraces where
the overlying Loveland formation has been removed by post-Lov~land or pre-Todd
Valley erosion and the Todd Valley sand and Peorian loess often cap it. In
some cases post-Loveland erosion in the inner parts of the vallev have completely
removed the Crete so that it occurs only as channel remnants along the valley
side slopes.

The Crete formation has not been definitely recognized in Clay
County although it has been suggested on pages 25 and 28 that
the middle sand and gravel member of the Sappa formation and
the upper part of the Grand Island formation, as discussed in this
report, may actually be of Illinoian age. Remnants of the formation
may be present, however, along the slopes of the major stream valleys
or as a part of the alluvium of these valleys. A deposit of sand
that contains a small amount of gravel, and which is identified as
the middle member of the Sappa formation, crops out along the
south slopes of School Creek northeast of Sutton ir the northeast
corner of sec. 25, T. 8 N., R. 5 W. (See 4-4’, pl. 2.) The Loveland
formation and a thin light-brown clayey silt layer that is identified
as the upper member of the Sappa overlie the sand. However, the
lower clayey silt layer of the deposit may be an alluvial phrase of
the overlying Loveland formation and the sand thus may be a part
of the Crete formation.

LOVELAND FORMATION

The Loveland formation consists principally of si’* and clay; it
includes a valley phase and an upland phase that are separated in
some places by a colluvial or slope phase. The stratified silts and
clays of the valley phase grade upward into the colluvial phase and
into the loess of the upland phase. The Loveland formation was
deposited either during late Illinoian time or during the Sangamon
interglacial stage (Condra, Reed, and Gordon, 1950, p. 26). The
formation crops out in places along the side slopes of the major
drainageways in Clay County.

The Loveland formation is believed to have been deposited pri-
marily by wind action. The formation mantles all the county except
where it has been removed by erosion in the major stream valleys.
The maximum thickness of the Loveland in Clay County is about
30 feet.

A dark brownish-gray fossil soil, the thickness of which ranges
from less than a foot to 4 feet, caps the Loveland form~tion. A well-
developed clayey subsoil, which in places is several feet thick, is
present in much of the area. The color of the clayey subsoil usually
is medium brown to reddish brown and that of the lower part of the
formation is light to medium brown.
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The entire formation appears to have been leached of any orginal
calcareous material, but calcareous nodules and secondary wtite cal-
careous areas are present in some places in the lower part of the
formation. Sand is a major constituent of the Loveland formation
only locally. Fine- to coarse-grained sand is present in the ba<al part
of the formation in test holes along the Clay-Fillmore County line
(see sec. 4~A’, pl. 2) and in test hole 7-9-12aa (see sec. C-C”, pl. 2).
Some gravel particles are present in the basal sandy silt in test hole
7-9-24dd. The basal part of the formation in several test holes con-
tains very sandy silts.

It has been suggested (p. 28) that the upper silt member of the
Sappa formation, as correlated in this report, may be a par of the
Loveland formation.

The formation lies above the water table throughout Clay County.
Thus, it is significant only as a transmitting agent in recherge of
the ground-water reservoir.

TODD VALLEY SAND AND YOUNGER TERRACE DEPOSITS

A complex series of events which included valley cutting, alluvia-
tion, terrace formation, eolian erosion and deposition, and stream
piracy characterize the Wisconsin glacial stage of the Ple‘stocene
epoch. The correlation table of Condra, Reed, and Gordor (1950,
p. 12) shows four cycles of erosion, alluviation, and eoliar action
correlative to the four substages of Wisconsin glaciation.

No detailed study of the terraces along the major drainageways in
Clay County was attempted. It is presumed that evidence of the
various substages of the Wisconsin glacial stage may be found in
the valleys of these drainageways by detailed mapping and test
drilling.

A fossil soil capping a coarse-textured sand and gravel we< pene-
trated by test hole 5-8-19bb. (See sec. 0-C’, pl. 2.) This terrace
fill may represent the Todd Valley sand of Towan age which Condra,
Reed, and Gordon (1950, p. 12 and 30) indicate as representing the
most widespread alluviation of the Wisconsin stage.

Where present and saturated, these deposits are capable of yielding
some water to wells.

PEORIAN AND YOUNGER LOESSES

The term Peorian loess as now used in Nebraska (Condrs, Reed,
and Gordon, 1950, p. 12) includes eolian and some alluvial silt de-
posited during the interval from early Iowan to pre-Mankato time.
The Bignell loess, which can be differentiated from the Peorian loess
in some places in Nebraska, is similar to and includes, in part, re-
worked Peorian loess (Condra, Reed, and Gordon, 1950, p. 33). It
is considered to be Mankato to Recent in age. The Peorian and
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Bignell loesses are believed to be derived from exposed silty alluvium
along the large rivers and from other similar sources. They mantle
the Loveland formation and older deposits and become progressively
thinner away from the major source areas.

The post-Loveland loess mantling the upland and ter-aces, includ-
ing some colluvial-alluvial silt and clay in depressions and in the
valleys, is designated the Peorian and younger loesses in this report.
Research beyond the scope of this report would be necessary to differ-
entiate between the restricted Peorian and Bignell loesses in the up-
lands and to ascertain the age of the loess mantle on the t>rraces along
the valleys.

The Peorian and younger loesses mantle the upland surface and
are present throughout Clay County except on the steepest slopes
along the major valleys. The loess consists of fine- to cotrse-textured
silt and clayey silt; the upper part of the formation is light brown
and light brownish gray and the middle part is light gray and light
yellowish gray. The lower part of the loess, ranging in thickness
from a few inches to about 2 feet, has a brown tint. Calcium car-
bonate has been leached from the upper few feet of the loess in most
areas of the county. The middle part of the unit in some test holes
and the lower part of the unit in a few test holes were slightly cal-
careous. In other test holes the middle part of the unit was essen-
tially noncalcareous but contained some secondary calcareous material,
principally in the form of small calcareous nodules. The thickness
of the loess in Clay County ranges from less than a foot to 30 feet and
averages about 20 feet. A nearly uniform thickness of loess mantles
the older rocks.

Maximum thickness of Peorian and younger loesses that were pene-
trated by the drill was in test hole 6-9-1dd, where the vnit is 30 feet
thick. This test hole was drilled in a large depression near Glenvil.
Here the upper 6 feet of material is a colluvial-eolian silty clay which
may be correlative with the Bignell loess. A fossil soil is present
between the depths of 6 and 8 feet.

Basinlike depressions are common throughout much of Clay County.
Roberts and Gemmell (1927, p. 11) state:

Most of the depressions range from 1 to 40 acres in size, but a few large areas
include more than 500 acres. One of the larger areas is 3 miles west of Harvard
and another is 3 miles south of Clay Center.

The origin of these depressions is not known definitel>. The soils
map of Clay County and the topographic map of the area indicate a
somewhat parallel alinement of depressions, particularly in the
southern half of the county. Frye (1950, p. 13) suggests that the
formation of similar depressions in Kansas may have been partly con-
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trolled by earlier erosional valleys. Valleys eroded during both
pre-Loveland and post-Loveland time probably have controlled in
part the occurrence of the depressions in Clay County ; however, wind
scour principally in Iowan time is believed to have been the dominant
agent in their formation.

The Peorian and younger loesses lie above the water table sud yield
no water to wells. However, the loess deposits and the soils doveloped
on them are important because they transmit infiltrating precipitation
toward the zone of saturation. Recharge probably is great>st when
rains first fall after the soils have shrunk and cracked during a period
of drought. When rains fall on the dried soils, water quickly enters
the cracks and runs down to their lowermost parts, which may be
below the root zone. After the soils become wet, the swelling of
colloids closes the cracks. Further recharge is diminished because the
groundmass of the loess and soils developed on it are rolatively
impermeable.

RECENT SERIES

The deposits of late Pleistocene age grade into those of Recent age
with no sharp line of demarcation. The topsoil, surficial windblown
loess, and alluvial and colluvial clay, silt, and sand and gravel con-
stitute the deposits of Recent time. The eolian and colluvial deposits
probably are thin, perhaps only a few inches thick in their maximum
development over the uplands. Alluvial material consistirg of re-
worked sediments of Pleistocene age may be as much as 5 feet thick
in the major valleys.

GROUND WATER
PRINCIPLES OF OCCURRENCE

All water beneath the surface of the earth is termed subsurface
water. Below some level beneath the land surface the permeable rocks
generally are saturated with water under hydrostatic pressure. The
subsurface water in the zone of saturation is called ground water,
whereas subsurface water above the zone of saturation is called sus-
pended subsurface water, or vadose water. Ground water is the part
of subsurface water that is available through wells and springs.

The ground water that is available through wells in Clay County
is derived almost entirely from precipitation that falls as rain or
snow within the area or in areas immediately to the west ard north.
Part of the water that falls as rain or snow is carried away by surface
runoff and discharged as streamflow, and part of it evaporstes or is
transpired by growing vegetation. The part that escapes runoff,
evaporation, and transpiration percolates slowly downward through
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the soil and underlying strata and eventually joins the boly of ground
water in the zone of saturation.

The rocks that form the crust of the earth generally are not solid
throughout but contain numerous open spaces called voids or in-
terstices. These spaces are the receptacles that contain ground water.
They range in size from microscopic openings to the l~rge caverns
developed in limestones. The ratio, expressed as a percentage, of
the volume of the open spaces or voids to the total volume of the
rock is the porosity of the rock. When considering problems of
ground-water supply, knowledge of the porosity of the vater-bearing
materials is desirable; however, the permeability of the materials,
rather than their porosity, controls the amount of water that can
move through them. The permeability of a rock is its capacity for
transmitting water under pressure and is governed by the size, shape,
and arrangement of the openings. For example, a bed of fine silt
or clay may have a relatively high porosity, but because of the small
size of the particles each opening is very small. Because molecular
attraction holds a thin layer of water on the surface of each grain,
these layers of water are not free to move and they m-y fill or al-
most fill the openings of fine-textured sediments. Thu~ the perme-
ability, or water-transmitting capacity of the material, is very low
even though its porosity, or water-holding capacity, is quite high.
Likewise, larger openings that are not connected may produce a high
porosity and a low permeability. Water moves most freely through
a rock that has relatively large and well-connected openings.

Three common types of openings or interstices and the relation
of rock texture to porosity are shown by figure 5.
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FicURE 5.—Diagram showing three types of rock interstices and the relation of
rock texture to porosity: A, well-sorted sedimentary deposits heving a high
porosity ; B, poorly sorted sedimentary deposits having low poro~ity; O, well-
sorted sedimentary deposits whose porosity has been diminished t+~ the deposi-
tion of mineral matter in the interstices.

THE WATER TABLE AND DIRECTION OF GROUND-WATER
MOVEMENT

Ground water moves slowly through the voids in the racks at right
angles to the slope of the water table (see pl. 4); the slope of the
water table is controlled by the permeability and thickness of the
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water-bearing materials, the topography, local variations in the
quantity of recharge and discharge, and the stratigraphy and strue-
ture of the rock formations. The ground water is eventually dis-
charged through springs or wells, through seeps into strearrs, or by
evaporation and transpiration.

The water table is defined as the upper surface of the zone of
saturation except where that surface is formed by an overlying im-
permeable body (Meinzer, 1923, p. 32). The water table is also the
boundary between the zone of saturation and the zone of seration.
It is not level but generally is a sloping surface having many ir-
regularities, which are caused by several factors. In placer where
the amount of recharge is exceptionally high, the water table may
rise and form a mound or low ridge from which the water slowly
spreads out. In material of low permeability these mounds or ridges
may be pronounced, but in very permeable material they g-nerally
are small. Depressions in the water table may indicate places where
the ground water is discharging, as along streams that ar> below
the normal level of the water table or in places where water is with-
drawn by wells or vegetation.

Plate 4 shows the shape and slope of the water table in Clay County
by lines that connect points of equal elevation on the wate~ table.
Water levels were measured in 254 wells to provide control for’
the construction of the water-table contour map. Pertinent infor-
mation regarding the wells is included in the table of well records
(table 12). These data should be useful to future investigators who
may wish to observe water levels of the future in these same wells
for the purpose of comparison with data presented in this report.
The altitude of the land surface at the wells was determined by al-
timeter surveys from bench marks previously established by the
U. S. Geological Survey and the U. S. Coast and Geodetic Survey.

The water table in Clay County slopes generally in a south-asterly
direction at an average gradient of about 6 feet to the mile. Contour
lines that bend upgradient or toward the west indicate depressions
or troughs in the water table. The most pronounced trougl occurs
in the valley of the Little Blue River and is due to disch~rge of
ground water into the river. The degree of slope of the wat>r table
is indicated by the spacing of the contour lines. Where the contour
lines are spaced far apart, as in the vicinity of Glenvil, a relatively
gentle slope is indicated, whereas closely spaced contour lines, as
near Deweese, indicate a steep gradient.

HYDROLOGIC PROPERTIES OF THE WATER-BEARING MATERIALS
POROSITY AND SPECIFIC YIELD

The amount of water that can be stored in an aquifer (a water-

bearing material or rock) depends upoun the porosity of the aquifer.
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A rock is said to be saturated when all its interstices are filled with
water.

Ground-water storage within an aquifer may be constried to be one
of two quantities: (1) the total amount of water within the pore
spaces of the aquifer, or (2) the amount of the stored water that will
move out of the pore spaces under the force of gravity (storage that
is available to wells, springs, and streams). Part of the water in all
rocks is held by the force of molecular attraction, which in fine-grained
rocks is great enough to hold most of the water against the force of
gravity.

The relation between mobile water and fixed water in an aquifer
is expressed by the term “specific yield” of the aquifer. The specific
yield of an aquifer is defined by Meinzer as the “ratin of (1) the
volume of water which, after being saturated, it will yie'd by gravity
to (2) its own volume.” This means that if 1 cubic foot of saturated
water-bearing material will yield by draining under the force of grav-
ity a volume of water of 0.20 cubic foot, the specific yield of that
water-bearing material is 20 percent, and under natur~l conditions
recharge of 0.20 foot of water over an area of an unconfined aquifer
will produce a rise of the water table of 1 foot. Conversely, a de-
cline of the water table in this aquifer of 1 foot indicates the loss of
water equivalent to a thickness of water of 0.20 foot dis‘ributed over
the area of decline.

Another term used often in discussing hydrologic properties of
aquifers is the coefficient of storage, or storage coefficient. By defini-
tion, the coefficient of storage of an aquifer is the volumra of water it
releases from, or takes into, storage per unit surface area of the aquifer
per unit change in the component of head normal to that surface.
The coefficient of storage is about equal to the specific yield under
water-table conditions as they exist in Clay County.

PERMEABILITY AND TRANSMISSIBILITY

The amount of water a given rock can hold is determined by its
porosity, but the rate at which it will transmit water is determined by
its permeability. The permeability of a water-bearing material is
measured by the rate at which the formation will tr'msmit water
through a given cross section under a given difference in head per unit
of distance. The coefficient of permeability in Meinver units, or
meinzers, may be expressed as the rate of flow of water in gallons per
day (gpd) through a cross-sectional area of 1 square foot under a
hydraulic gradient of 100 percent at a temperature of 60° F' (Wenzel,
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1942, p. 7). The field coefficient of permeability is the same except
that it is not corrected for temperature.

Gravel is the best water-bearing and water-yielding material in
Nebraska. Gravel deposits of uniform texture have high porosity,
high permeability, and high specific yield. Sand ranks next. to gravel
as an ideal aquifer. However, sand has smaller interstices conducts
water less readily, and yields a smaller proportion of its water to
wells. Fine sand particles are readily carried into wells by water and
may create difficult problems during the drilling, development, and
pumping of wells.

Practically all the ground water used in Clay County s pumped
from sand and gravel beds of Pleistocene age. Most of these beds
consist of relatively well-sorted sand and gravel and wher» they are
sufficiently thick they are capable of supplying large amounts of water
to properly constructed wells.

The permeability of water-bearing materials may be detevmined by
laboratory tests of samples of the materials, by determinations of
ground-water velocity in the field, and by pumping tests made on
wells that withdraw water from the materials. The physical prop-
erties of the geologic formations in the valley of the Platte Piver were
determined by Lugn and Wenzel (1938, p. 96). These strata extend
under Clay County and are believed to represent the water-bearing
materials for all large wells in the county. The average co~fficient of
permeability as computed in a 48-hour pumping test near Grand Is-
land in the valley (13 miles north of the northwest corne~ of Clay
County) was 997 gpd per square foot. The average coefficient of
permeability, as determined in the hydrologic laboratory, of 19 sam-
ples of the water-bearing material obtained during the dr‘lling of a
well at the location of the test was 1,200 gpd per square foot.

The coefficient of transmissibility is a factor similar to the coefficient
of permeability and is defined as the number of gallons of water per
day transmitted through a strip of the aquifer 1 mile wide and extend-
ing the height of the water-bearing formation (aquifer) under a
hydraulic gradient of 1 foot per mile. The coefficient of transmissi-
bility is equal to the field coefficient of permeability multiplied by the
thickness of the aquifer, in feet.

To approximate the coefficient of transmissibility, E. C. Feed, State
geologist of Nebraska, devised a system that is based on many tests
made in Nebraska in connection with the cooperative statewide test-
drilling program, and this system has proved reliable in predicting
yields of many wells developed in the unconsolidated aquifers of Pleis-
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tocene age. Each lens or layer of material drilled in the test hole is
closely examined, classified, and assigned a coefficient of permeability
within a range as follows:

Gallons per day

Material per square fool
Clay and silt. . .o eeeaan 0- 100
Sand, very fine, silty .« o e 100~ 300
Sand, fine to medium._ _ __________________ ... 300~ 400
Sand, medium_______ ______ o _._ 400~ 600
Sand, medium to coarse. .. _ . 600-- 800
Sand, coarse_ _ - . e 800~ 900
Sand, very €oarse... ..o 900-1, 000
Sand and gravel L __ . 1, 0600--2, 000

A fter each lens or column of material of similar physical character-
istics is assigned a coefficient of permeability, each coefficient is multi-
plied by the thickness, in feet, of that material. This number is an
estimate of the coefficient of transmissibility for that material. Then,
the sum of the coefficients of transmissibility of all saturated beds is
considered to be the coefficient of transmissibility for the aquifer.
(See fig. 6.)

RATE OF GROUND-WATER MOVEMENT

Ground water is in motion nearly everywhere. The rate of move-
ment is proportional to the permeability of the water-bearing medium
and the slope of the water table. Even in sand and gravel the water
percolates along tortuous paths between grains, and the rate of move-
ment under natural conditions is very slow.

If the permeability and the porosity of the water-bearing materials
are known and the slope of the water table has been determined, the
average velocity of the water percolating through the materials can
be computed by use of the following formula:

p=—

p
where

v=velocity, in feet per day;

P=permeability, in gallons per day (gpd) per square foot;
I'=slope as a ratio; and

p=porosity.

The average permeability at the site of test hole 6-6-31bb is esti-
mated to be 992 gpd per square foot. The slope is 0.00131. (see pl. 4)
and the porosity is about 0.30. By substituting these v~lues in the
formula, the velocity is computed as 0.58 foot per day, or approxi-
mately 200 feet per year. A rate of flow of this general magnitude may
be considered to be typical in Clay County.

‘When a well is pumped, a depression in the water table is formed
around the well and a hydraulic gradient is established toward the well
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Figure 6.—Map of Clay County showing the estimated coefficient of transmissibility of
the saturated deposits,

from all directions. This gradient is steep near the well end causes
the water to move toward the well much more rapidly tl~n under
natural conditions.
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DEPTH TO WATER

The depth to the water table beneath the land surface of Clay
County ranges from less than 5 feet in the valley alluvium of the Little
Blue River to about 120 feet in the southwest corner of the county.
Depths to water of 75 to 95 feet are typical in most of the upland. In
general, the depth to the water table below the land surfac~ decreases
from west to east. West of Glenvil the depth to water is about 115
feet ; at Trumbull, about 100 feet; at Clay Center and Fairfield, about
80 feet; at Harvard, Edgar, and Ong, about 75 feet; and at Sutton,
about 60 to 80 feet. (See pl. 4.)

The depth to water and the probable drawdown of the ~water level
in a well are important factors to consider when planning to pump
water from the well for irrigation, because the cost of pumping a given
quantity of water varies directly with the distance the water must be
lifted. Much more power is required to pump water from deep wells
on the upland than from shallow wells on the valley floor where the
water table is shallow. Likewise, pumping water from an improperly
developed well, which does not yield the maximum amourt of water
with the least amount of drawdown, is uneconomical.

FLUCTUATIONS OF THE WATER TABLE

The stage of the water table is an indication of the quanti‘y of water
in a ground-water reservoir. In general, the water table rises when
the amount of recharge exceeds the amount of discharge and declines
when the discharge is greater than the recharge.

For example, precipitation that percolates through the soil to the
water table, seepage that reaches the underground reservoir from
surface streams whose channels are above the water table, and under-
flow from adjacent areas to the west and northwest cause the water
table to rise in the county when they exceed the rate at which ground
water is discharged from the county. Whether recharve exceeds
discharge depends largely upon relatively local precipitation, either
in the county or in areas immediately west of it.

Discharge of water from the ground-water reservoir b evapora-
tion, absorption by growing vegetation, pumping from wells, out-
flow into surface streams, and underflow into adjacent are~s depletes
the ground-water storage and causes a decline of the water table
when it exceeds the recharge.

The rate and magnitude of the fluctuations of the water table are
governed by the rate and magnitude at which the underground reser-
voir is replenished or depleted. Seven wells were selected for obser-
vations of the character and magnitude of water-level fctuations
in the county. Periodic measurements of water levels in five of
the wells were begun in 1954 ; measurements had been made previously
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at intervals in two of the wells—well 5-7-32ac was first visited in

1936 and well 5-6-26bd in 1948. Records of the water levels have

geen published in annual water-supply papers of the U. S. Geological
urvey.

Hydrographs of the water levels in the seven wells anc a graph
of the monthly precipitation at Clay Center are shown in figure 7.

The water levels in wells 6-8-17ba, 8-6-12bb, and 8-8-17ab show
the effect upon the ground-water reservoir of heavy withdrawals of
ground water for irrigation. In 1954 the majority of well operators
began to irrigate about June 20, and water levels declined until
August. Heavy rains occurred in most parts of the county on
August 1 and again on August 6, and irrigation in most are~s ceased.
Water levels in wells in these areas began a rising trend that con-
tinued until the spring of 1955, when pumping for irrigation began
again. The water level in well 6-8-17ba does not show a rise until
October 1954 because heavy withdrawals of ground wate for ir-
rigation were made from this well during the fall of that year.

Wells 5-5-11ba, 5-6-26ba, 5-7-82ac, and 7-5-35cd are in areas
where withdrawals of ground water are relatively small, and the
hydrographs show that the amount of ground water in s‘orage at
those points remained relatively unchanged during the irrigation
season. Well 5-7-32ac is near the Little Blue River and the water
level in the well approximates the stage of the river.

A recording gage had been installed on well 5-6-26bd in J-me 1948
and reémoved in June 1950, and a daily record of water-level fluctua-
tions in this well and the cumulative departure from normal pre-
cipitation at Clay Center for the period that the recording gage was
in operation are shown graphically in fig. 8. Comparison of the two
graphs shows a definite influence of precipitation upon the water table
at the site of the well.

GROUND-WATER STORAGE

Surface reservoirs have been constructed along streams in "“"ebraska
to reduce flood crests and to store water for release as needed for ir-
rigation or power. The term “reservoir” as applied to storage of
surface water can be applied just as well to underground storage.
Both types of reservoirs have the same general purpose for man, in
that they tend to smooth out the great daily, seasonal, and annual
fluctuations of the amount of water supplied by precipitation. Nature
has provided beneath Clay County a vast natural ground-water
reservoir that absorbs water chiefly during periods of surplus and
gradually releases it to seeps, springs, wells, and areas of evanotrans-
piration. The ground-water reservoir is the source of all natural
streamflow in Clay County during rainless periods.
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The ground-water reservoir in Clay County contairs thick de-
posits of unconsolidated, saturated sand and gravel wkich average
more than 110 feet in thickness. The saturated sand and gravel are
not known to contain water under pressure, and it is assumed that
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water-table conditions prevail practically everywhere. If it is as-
sumed that the specific yield of the sand and gravel is 20 percent,
which may be a conservative figure, the reservoir contains r~ore than
8 million acre-feet of available water, or about twice as mu-h as can
be stored in the larger surface-water reservoirs in Nebrasl-a. This
large ground-water reservoir is affected only to a small extent by
variations in the rate of annual precipitation, and for this reason
it is especially desirable as a source of water for irrigation.

The amount of storage in a ground-water reservoir is, however, no
indication of that reservoir’s capabilities for sustained yield to wells
and springs. The perennial yield is limited by the average annual
recharge to the reservoir, just as the useful yield of a surface reservoir
is limited by inflow into it.

GROUND-WATER RECHARGE

Recharge is the addition of water to the ground-water reservoir
and may bé accomplished in several ways. All ground watsr within
the unconsolidated sediments beneath Clay County is derived from
water that falls as rain or snow either within the area cr within
nearby areas to the west and northwest. Once water becomes a part of
the ground-water body it moves down the slope of the water table,
later to be discharged farther downgradient. The ground-water
reservoir beneath Clay County is recharged primarily by infiltration

467820 59——4
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of local precipitation through the soil. Other sources of recharge in
this area are seepage from streams and from water pondec in depres-
sions and subsurface inflow from areas to the west and novthwest.

RECHARGE BY UNDERFLOW

The movement of ground water in Clay County is, in general, from
west to the northeast, east, and southeast. Most of the water that
enters the county by underflow crosses the Adams-Clay County line.
The amount moving into the county can be estimated by use of the
formula Q=71IL. @ represents the quantity of water in gallons
per day that moves through the aquifer; 7' is the coefficient of trans-
missibility; 7 is the hydraulic gradient of the water tabls; and L is
the length of aquifer being considered.

The average coefficient of transmissibility (7') is estir~ated to be
about 110,000 gpd per foot. The hydraulic gradient (/) is about
0.001, and the length of aquifer being considered (L) is the length of
the west line of Clay County, or about 125,000 feet.

Therefore, @ =110,0003X0.001X125,000=approximately 10,000 acre-
feet per year.

Although water is moving into Clay County by underflov, the water
thus obtained does not add to the average net amount ir storage in
the county because ground water also moves out of the county by
underflow to the east and south, and the outflow is somewhat greater
than the inflow.

RECHARGE FROM PRECIPITATION

The average annual precipitation in Clay County is about 25 inches,
but only a small part of this water reaches the zone of satration, the
remainder being lost through evaporation, transpiration, and surface
runoff without ever reaching the water table. The amount of water
added to or discharged from the ground-water reservoir is reflected
in the fluctuations of the water levels in wells, as demonstrated by
the hydrograph of well 5-6-26bd at Edgar. The well is £4 feet deep
and the depth of water below the land surface is about 7€ feet. It is
situated on the upland near the ground-water divide katween the
Little Blue River and Big Sandy Creek, where recharge occurs only
from precipitation. A recording gage was installed on this well on
June 5, 1948, and a continuous record of the water-level fluctuations
in the well was obtained until the recorder was removed on June 17,
1950. The precipitation during this period was 8 inches abave normal,
and the water level in the well rose about 0.9 foot. The cumulative
departure from normal precipitation for the period of the hydrograph
is shown (see fig. 8) for comparison with the fluctuations of the water
level in the well. If the storage coeflicient of the upper part of the
zone of saturation is known, the gain in ground-water storage for
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the period can be estimated. Assuming that the coefficient of storage
is 0.20, the gain in storage was 2.2 inches of water for thke 2-year
period. A gain in storage of 2.2 inches would amount to about 120
acre-feet (about 38,000,000 gallons) per square mile.

Most of the water that enters the county by lateral movem-nt from
areas to the west and northwest moves southeastward and northeast-
ward (see pl. 4), and relatively little of it reaches the eastern border
of Clay County. The water-table contour lines on plate 4 indicate
that about three-fifths of the water percolating into the county moves
to discharge areas along the Little Blue River in the courty or to
the south and southeast of the county; something like a fif'h of the
water moves north or northeast to the Big Blue River drairage, and
about a fifth continues across the county to its eastern border.

The shape of the water table indicates that precipitation on the
land surface in Clay County must account for a substantial part of
the water in the water-bearing sands and gravels. For the purpose of
illustration, figure 9 was constructed. It shows the principal contour
lines on the water table, across which the direction of ground-water
movement is shown by flow lines drawn at right angles to the contour
lines. The flow lines in the central uplands diverge from the western
area, even though the slope of the water table is about constant across
the central uplands of the county. This spreading out of the flow
lines shows that if all the ground water in the county orig'nated as
underflow from the west, then either the saturated material~ become
progressively thinner or the permeability of the materials becomes
progressively smaller from west to east.

If one or both of the above conditions does not exist, then the
cause for divergence of the flow lines must be recharge from local
precipitation on the upland, creating a mound on the water table.
Test drilling shows that the thickness of the saturated materials
does not become progressively less from west to east, except for a
narrow ridge east of Clay Center, and analyses of the test-hole
samples indicate that the permeability of the water-bearing materials
does not become significantly less from west to east. Thus, the
spreading of the flow lines must be due to recharge from precipita-
tion.

The amount of water contributed by recharge from precipitation
can be computed. The procedure used is as follows: Sections A
and B on figure 9 were selected in such a way that they lie between
the same pair of flow lines. Because the flow lines diverge from
west to east, section B is longer than section A. The transmissibility
of the saturated water-bearing formation at each section was esti-
mated from analyses of materials obtained from test holes near each
section. The average gradient at each section was measured from



46  GEOLOGY AND GROUND WATER, CLAY COUNTY, NEBR.

- - - - - -~ - *

! Section D H

'
o
' J —ay gohoot
& =
N SUNE—
1 S
N
1
x. &
! \ \ Lattle
W\ Section A ]
k4
% &

’ TNy
c%

«\ ;
Section B ‘

{‘?’/e \,/‘
R S,
] " Q&e A e%
t
li’z;,,e’ i
EXPLANATION
/750 — / /
T ——/6.50 e Section A
Contours drawn on the water Direction of ground S~ction used for
table; contour.interval, 50 water movement computing recharge
Ifeez,l datum is mean sea
evi
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the water-table contour map. (See pl. 4.) The trrusmissibility
multiplied by the average gradient, multiplied by the length of the
section, equals the quantity of water crossing each scction within
a given time.

Examination of the test-hole samples indicates that tI'« transmissi-
bility at section A4 is about 200,000 gpd per foot. At section B it
is about 135,000 gpd per foot. The gradient of the water table at
section 4 is about 0.00088; at section B it is about 0.0013. The
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length of section A4 is 19,000 feet; the length of section B is 89,000
feet.

The quantity of water crossing section 4 each day is expressed as
follows:

Quantity=Transmissibility X slope X length of the sec‘ion
=200,000 X 0.00088 X 19,000
=3.200,000 gpd
Similarly, the quantity of water crossing section B each day is:
Quantity=135,000 X 0.0013 X 38,000
=6,800,000 gpd, or 8,600,000 gpd more than the quantity
flowing through section 4.

The 8,600,000 gpd, or about 11 acre-feet per day, represents the
recharge between sections A and B that necessarily originated on the
land surface of the area between the sections. Recharge at the rate
of 11 acre-feet per day equals about 4,000 acre-feet per year; the
area included by the sections and flow lines is about 80,007 acres;
therefore, the average annual rate of recharge over the area is about
1.6 inches.

The area between sections A and B may be considered to be typical
of the upland areas of the county in the Little Blue Rive basin,
and hence the annual ground-water recharge computed for this area
probably is typical of much of the county. In a few placss, espe-
cially along the Little Blue River, the West Fork of the Fig Blue
River, and the lower reaches of Big Sandy Creek and Schoc! Creek,
where stream erosion has produced pronounced rolling relief, runoff
of water after rains is rapid and the recharge to the grourd-water
reservoir probably is small. However, because all streams except the
Little Blue River and the lower reaches of the West Forl- of the
Big Blue and of School Creek are above the water table, recharge
by seepage from the beds of these streams when water is flowing
through them may compensate for the loss of recharge caused by
rapid runoff from the steep slopes.

The amount of recharge from the land surface is dependent on
the permeability of the soil. In the area north of School Creek, includ-
ing the area between sections ¢ and D in figure 9, much of the soil
is a heavy silty clay that when wet is tough and plastic and when
dry is very hard and compact. This type of soil occurs in large
basinlike valleys beginning west of Harvard and extending south-
east to Clay Center and thence east to the county line, as w»ll as in
the area between section ¢ and D. Recharge from the land surface
in these areas is somewhat less than on other lands in the county.
An estimate of the magnitude of the recharge through these soils
was computed for the area lying between sections ¢ and D. The
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amount of ground water crossing section ¢’ was computed to be
about 910,000 gpd (120,000 X 0.0010 X 7,600) and at section D,
1,500,000 gpd (90,000 X 0.0012 X 14,000), or 590,000 gpd more than
the quantity flowing across section €. The computed annnal recharge
over the 10.4 square miles included by the sections and flcw lines was
660 acre-feet, or 1.0 inch; this is about 0.6 inch less than the annual
recharge between sections 4 and B.

RECHARGE FROM SEEPAGE

Recharge to the water table from ephemeral streams whose beds
are above the water table occurs during the brief period in which the
streams flow after rains. Some of the streams have beds of sand and
gravel which become saturated. Much of this water descends to
the water table. In this report, the recharge from the ephemeral
streams is considered to be a part of the recharge from frecipitation
discussed in the preceding pages. The West Fork of tI'~ Big Blue
River is above the water table in Clay County and it is naturally an
ephemeral stream, but because it carries a small flow of waste water
from the sewage-disposal plant upstream at Hastings it i now peren-
nial. The flow of the waste water in the stream was observed on
November 14, 1954, to diminish as it traversed the conty. This
indicates that water is being lost by seepage into the stream bed,
because loss of water by evapotranspiration could not have been a
significant factor at that time of year.

Most of the upland plain is fairly well drained; however, water
occasionally collects in the large depressions in its surface. The
water that collects in these depressions remains on the sirface from
a few days to several months. The depressions are underlain by
a dense claypan layer, so that recharge from them to the water table
probably is less than it is on the remainder of the uplend (p. 47).

RECHARGE FROM IRRIGATED LANDS

Except for a small amount of land along the Little Blua River that
is irrigated with water pumped from the river, all irrigation in the
county is done with water pumped from wells. The seepage from
these irrigated lands represents a source of recharge to the ground-
water reservoir. It is estimated that the amount does not exceed an
average of 10 percent of the water applied to the land. During 1954,
recharge from this source is estimated to have been abou* 2,600 acre-
feet. (See table 3.)

GROUND-WATER DISCHARGE

Gound water is discharged from Clay County by t-anspiration
through vegetation, evaporation, wells, streams, and underflow. The
rate at which it is discharged varies with many factors, bt especially
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with the differences in the rate of recharge and the season of the
year. Local differences in conditions cause more ground water to
be discharged in some parts of the county than in others, For ex-
ample, more water is being pumped from wells in some sreas than
in others.

DISCHARGE BY TRANSPIRATION AND EVAPORATION

In addition to being evaporated from moisture in the soil, water
may be taken into the roots of plants directly from th~ zone of
saturation or from the capillary fringe extending upward from it
and discharged from the plants by transpiration (Meinze», 1923, p.
48). But except in the Little Blue River valley and along the lower
reaches of School Creek, where the water table is shallow and ground
water is discharged by these processes, the depth to the water table
in Clay County is so great that there is no transpiration or evapo-
ration from the zone of saturation or from the capillary fringe.

DISCHARGE BY SPRINGS AND SEEPS

A relatively small amount of ground water is discharged by springs
along the banks of the Little Blue River in the southwestern part of
Clay County. The springs emerge from saturated sand and gravel
of the Sappa formation. The yields of the springs were not
measured, but most do not exceed 1 gallon per minute.

The diffused seepage of water into the Little Blue River, not con-
centrated enough to form springs, is one of the principal methods
of discharge of ground water in Clay County. The chanuel of the
Little Blue River is lower than the water table in the adjacent upland
areas; hence, ground water moves toward the river and discharges
into the stream channel.

The amount of ground water discharged into the Little Rlue River
can be estimated from measurements of the flow of the stream. On
February 12, 1953, the flow of the Little Blue River at Deweese,
Nebr., was about 78 cubic feet per second (cfs), and at a measuring
station 6 miles downstream from Deweese the rate of flow was about
87 cfs. The difference, or the increase in flow from grond-water
contribution to the stream, was about 9 cfs, or about 1.5 cfs per mile,
which would amount to about 1,100 acre-feet per year for each river
mile.

In Clay County, the Little Blue River traverses a distance of about
10 miles; therefore, the amount of ground water discharged into it
in Clay County probably is of the order of 10,000 acre-feet per year,

DISCHARGE BY UNDERFLOW

Ground water in Clay County percolates slowly in the direction of
the maximum slope of the water table and toward the areas of natural
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ground-water discharge. (See explanation under “Recharge from
precipitation” and fig. 9.) Ground water that is not used within the
county or is not intercepted by the Little Blue River o» the lower
reaches of School Creek percolates into the adjacent counties to the
north, east, and south. The amount of water that mover out of the
county by underflow is estimated to be in the magnitude of 28,000
acre-feet per year.

DISCHARGE BY WELLS

The most obvious and important discharge of ground weter in Clay
County is through wells. About 80,000 acre-feet of water is estimated
to have been pumped during 1954, of which more than £4,000 acre-
feet was pumped for irrigation. (See table 3.) All domrestic water
supplies and most of the livestock water supplies in the county are
pumped from wells, but the amount of water dischargel for these
purposes is comparatively small.

The irrigation season in Clay County usually begins in June and
ends in September, but its length varies from year to year, depending
upon the distribution of precipitation.

When wells are pumped, the water table declines around each of
the pumped wells and assumes a form similar to an inverted cone.
This depression in the water table is known as the cone of depression,
and the distance that the water level is lowered in the well is called
the drawdown. The greater the pumping rate in a well, the greater
is the drawdown. When pumping stops, the cone of depression
gradually refills with water that moves into it from are~s adjacent
to the limits of the cone of depression, and the regional water table
declines slightly. Most wells are pumped intermittently, and while a
cone of depression is being formed in one part of the area another
cone may be filling in some other part of the area. After the end
of the pumping season, the regional water table gradually assumes
a form similar to the form it had before the pumping seeson began;
however, the regional water table will be lower than it would have
been if there had been no pumping.

The capacity of a well can be defined as the maximum rete at which
it will yield water after the pumping water level becomos approxi-
mately stabilized. The capacity depends upon the quantity of water
available, the thickness and permeability of the aquifer, and the con-
struction and condition of the well. The capacity of a well generally
is expressed in gallons per minute.

The specific capacity of a well is its rate of yield per urit of draw-
down and is generally determined by dividing the capacity in gallons
per minute by the drawdown in feet. Thus, for exampl», if a well
is pumped at a rate of 1,000 gallons per minute and the water level
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in the well is drawn down 10 feet below the static water level, the
well has a specific capacity of 100.

WELYL, CONSTRUCTION

Most of the wells in Clay County, except a few driven wells in the
valley of the Little Blue River, are drilled by jetting or hydraulic-
rotary methods. Livestock and domestic water supplies commonly
are obtained from small-diameter wells that are jetted, or “washed,”
into the aquifer. The large-diameter wells required for irrig~tion and
public water supplies are drilled by hydraulic-rotary methoc's. These
methods consist of rotating a bit to cut the earth materials sud circu-
lating thick muddy water into and out of the hole to remove the drill
cuttings. The cuttings are carried to the land surface by suspension
in the muddy fluid. Some hydraulic-rotary drilling rigs cir-ulate, by
pressure pumps, the mud down through the drill stem and up through
the annular space between the drill stem and the hole. Others allow
the drilling fluid to run by gravity into the well through the annular
space between the drill stem and the hole, and pump, by suction
pumps, the circulating mud and suspended drill cuttings up through
the drill stem to the land surface. The latter method is called the
reverse-hydraulic, or reverse-rotary, method and is commonly used
to construct irrigation wells in Clay County.

All wellsin Clay County obtain water from unconsolidated deposits.
Wells in these deposits are cased to the bottom of the drill hole with
galvanized-iron, steel, or concrete-tile casing to prevent caving of the
walls. The casing that is below the water table is perforsted, or a
well screen is installed in place of blank casing, to allow water to enter
the well. The selection of the proper size of perforations i very im-
portant and may determine the capacity and life of a wel'. If the
perforations are too large, fine material may filter through and fill
the well; if the perforations are too small, they may becom> clogged
and hamper or prevent the free entrance of water. When the well is
developed * the coarser particles that remain around the screen form
a natural gravel packing, which increases the effective diameter and
therefore the capacity of the well.

The irrigation and municipal wells are artificially gravel packed.
To construct a well of this type, a hole about 36 inches in diameter is
drilled and a well screen or perforated-steel or concrete casing, having
an inside diameter of 18 inches, is centered opposite the water-bear-
ing beds; enough unperforated casing is then added to react the land
surface. The annular space between the casing and the hol- is filled
with well-sorted gravel that has a grain size larger than tt<t of the

1The term “development,” as applied to a well, refers to various practices, such as
surging and overpumping, that are designed to increase the yield.
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water-bearing material. The envelope of gravel that then surrounds
the well increases the effective diameter of the well. Becruse the ef-
fective diameter is larger than it would have been if the well were
drilled only large enough to accommodate the screen or perforated
casing, the velocity of the water entering the gravel pack from the
aquifer is reduced and, thus, movement of sand into the well is re-
duced. If the water-bearing formation is relatively coarse and uni-
form in texture, addition of a gravel pack around the well may not in-
crease the yield appreciably. '

Irrigation wells generally are drilled to penetrate about 50 feet of
saturated sand and gravel. If the thickness of the saturated sand
and gravel is less than about 50 feet, the wells are drilled through the
entire aquifer. Commonly, a concrete platform upon which the pump
and power unit are mounted is placed around the top of the casing;
many installations are protected by small wooden or sheet-metal build-
ings constructed over the platform.

The depth of the irrigation wells ranges from about 100 to 240 feet.
The following table shows the range in depth for 229 wells in Clay
County.

Number Depth | Number Depth

of wells (feet) of wells (feet)

1 100-110 | 40 170-180
0 110-120 | 28 180-190
4 120-130 | 8 190-200
8 130-140 | 10 200210
13 140-150 | 2 210-220
39 150-160 | 1 220-230
T4 160-170 | 1 230-240

METHOD OF LIFT AND TYPES OF PUMPS

Most domestic and stock wells in Clay County are equipped with
cylinder pumps operated by windmills, electric motors, gasoline en-
gines, or, for a few, hand power. The cylinder or workirg barrel of
most cylinder pumps is below the water level and is of tI'» lift type,
which discharges water at the land surface or into storage tanks. A
few wells are equipped with jet pumps, which use a stresm of water
under pressure to raise additional water.

The pumps in irrigation and public-supply wells are, with few ex-
ceptions, deep-well turbines having 2 to 5 stages; belted, gnar-head, or
direct drives; and electric motors or internal combustion engines that
use propane, butane, diesel fuel, tractor fuel, natural gas, or gasoline.
Stationary propane, tractor-fuel, and natural-gas powerplents are the
most common, although some pumps are powered by farm tractors.
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HFFECT OF GROUND-WATER DISCHARGE ON GROUND-WATEHE STORAGE
AND STREAMFLOW

Before the ground-water resources of an area are developed, the
natural discharge of ground water equals the natural reclarge, and
the ground-water reservoir is said to be in equilibrium. C“-anges in
either the recharge or the discharge by artificial means will affect the
other and establish the water table at a level different from its level
prior to the time its equilibrium under natural conditions was dis-
turbed. The net effect that development of the ground-water resources
of the area has upon the water table, the quantity of water stored in
the reservoir, and the flow of perennial streams is goverred by the
quantity of water discharged from wells, the distribution of the dis-
charging wells, and changes, if any, in the amount of recharge to the
ground-water reservoir.

As of 1955, the effect of the development of ground water in Clay
County on the total amount stored in the ground-water resarvoir has
been small, but if new irrigation or other large-capacity well« continue
to be constructed at a continually increasing annual rate (sce fig. 11),
a significant lowering of the water table in the more intensely de-
veloped areas will undoubtedly occur.

Heavy additional development of the ground-water reso-wrces may
result in a lowering of the water table to the extent that most of the
present pumping plants will require modification or replacement to
maintain desired yields. Permanent lowering of the water table by as
much as 10 feet might not require modification of wells or pumping
equipment much in excess of that necessitated by normal denreciation
and obsolescence ; however, a lowering of the water table of more than
about 10 feet would require a deepening of the domestic and livestock
wells, most of which penetrate only the top 10 to 15 feet of th'~ aquifer,
and would require the irrigation and municipal pumps to be reset at a
lower level in the wells and perhaps the deepening of some wells.
Power supplied to pumps would need to be increased, or yields would
be reduced, and pumping costs would increase in proportion to the
greater lift of water.

In the following estimate of the number of years that may elapse
before the water table is lowered an average of 10 feet, only that part
of Clay County in which extensive irrigation is likely to occur is con-
sidered. Of the 865,000 acres in the county, not more then 256,000
acres is considered potentially suitable for irrigation from wells; in
the remainder of the county, the aquifers are not sufficient]~ thick to
supply sufficient water, the land is too rough for irrigation, ¢~ the land
is out of crop production because it is within the boundaries of the
U. S. Naval Ammunition Depot. A canvass made in 1954 of all irri-
gation systems showed that more than 21,000 acres was being irrigated



54  GEOLOGY AND GROUND WATER, CLAY COUNTY, NEBR.

' R.8 W R.7W. R.6 W. R.5W.
HIEE o
Trumbull A
T
8 ARS
N R 499
1 1361
1750 5o1 2733 .16
914 \] /23
7.59 [ - 11.85 i )
Harvard Saronville
Inland 11
™ oed /-'Jf
T.
7
N. 530
& .t 3584 e 230
) = 54
—115.56 < N
N tor
B T N -
T. }Glenvil N o AV
6 [envi; } ‘{ .\\
N. N N 5‘5
1562 1305 |~ 628 T35
6.78 5.66 272 '\
N
Fairfield SO
. i
5 i
: TS X
845 | N\ 1768 1051
367 <767 207 A\
] Deweese | Edgar
1
© N 1o L L L, gmie ’
EXPLANATION
845
367

Circles represent the total area under irrigation within
each township; upper number is the number of acres
irrigated; lower number, percentage of the total area
of the township that was irrigated

F16URE 10.—Map of Clay County showing the amount of land irrigated I~ wells in each
township in 1954.



GROUND WATER 55

and that new land was developed during 1953 and 1954 at the rate of
about 4,000 acres per year. (See fig. 10.)

A formula may be used to estimate the time required to lower the
water table 10 feet if the development of new irrigation continues into
the future at the 1953-54 rate of 4,000 acres per year, the consumptive
use of water is assumed to be 1.0 acre-foot per acre irrigated, the re-
charge from precipitation is 1.6 inches or 0.13 acre-foot per acre per
year on all irrigable land (see section on “Recharge from precipita-
tion”), and the coeflicient of storage is 0.20. The formula is &5 follows:

yA+(yA——-—l ;yzAl)=S t+Ry

where
A=acre-feet used in 1954 (see table 3);
A,=annual increase in amount of water pumped, in acre-feet;
- St=acre-feet of water stored in 1954 in the upper 10 feet of the
aquifer beneath the irrigable land;
R=recharge from precipitation on irrigable area, in ac-e-feet per
year;
y=time in years to lower water table 10 feet.
Clearing the above formula, it becomes:

2yA+yA+y*A,=28t+2Ry
substituting the assumed or estimated values, it becomes:

(2>¢21,000y) + 4,000y--4,000y2
=(2X512,000) 4+ (2X256,0003<0.13 X )
or:
4,000y°— 20,560y — 1,024,000=0
or:
¥*—5.14y—256=0

solving for ¥ by the formula:

 —btF—dac
- 2a

y=19 years

Thus, the estimated minimum period of time required to lower
the ‘water table sufficiently to necessitate extensive modification of
present pumping systems is about 19 years; the period will exceed
19 years if the increased recharge by underflow from areas sur-
rounding the area of decline and the decreased natural discharge
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resulting from a lowered water table are considered. Als», the rate
of development may not continue at the high rate of 1957 -564. The
total pumpage of ground water during 1952 was less than 1,500
acre-feet, and prior to 1952 it was even less,

The annual recharge from precipitation on the irrigal's land is
estimated to be about 33,000 acre-feet. Thus, if new wells are
pumped at the same yearly rate as the 257 wells were pumped during
1954, a total of about 400 wells can be supplied by the annual re-
charge from precipitation upon the irrigable land.

Because pumping lowers the water table in the vicinity of the
pumped wells, ground water is induced to move into th~ areas of
the depressed water table from outside the areas of development.
Movement of ground water into these areas will supply some wells
in addition to the approximately 400 that can be sustaired by an-
nual recharge from precipitation on the area considerec' to be ir-
rigable, and it also will increase the time in years (19), as com-
puted in preceding paragraphs, required to lower the water table
10 feet.

The streams in the areas of present and potential development of
ground water for irrigation are ephemeral. The perennial streams
are bordered by the more rolling land, which is difficult and ex-
pensive to irrigate; therefore, development of irrigatior on lands
close to the perennial streams probably will not be extensive, Pump-
ing ground water for irrigation will eventually reduce the base flow
of streams by approximately the amount of consumptive use, but
the change will be gradual because of the distance from the pumped
areas to the streams.

A decline of the water table to an extent requiring modification
of many of the existing wells probably will not occur over the en-
tire county for at least 19 years if the present irrigation practices
and rate of annual increase of well installations continue. How-
ever, local overdevelopment may occur in a shorter time vhere wells
are too closely spaced.

UTILIZATION OF GROUND WATER
DOMESTIC AND LIVESTOCK SUPPLIES
Most of the rural residents of Clay County obtain water for do-
mestic and livestock uses from small wells equipped with force
pumps. Some pumps are driven by small gasoline or elec*ric motors
or are operated by hand, but the majority are powere¢ by wind-
mills; however, many farmsteads in the county are now served with
electricity, and windmills are being replaced by electrically powered
pumps.
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‘Wells commonly are drilled 10 to 15 feet below the water t~ble and
cased with 2- to 4-inch pipe or with 5%-inch galvanized-steel casing
that is perforated below the water table. The yields of these wells
generally are not more than 5 gallons per minute. Only in a few
localities of small area is the aquifer of such low permeability or
small thickness that even domestic and stock wells canno’ be ob-
tained. The amount of water discharged by these wells as com-
pared with that pumped for irrigation is relatively small; it is esti-
mated to be less than 2,000 acre-feet per year.

PUBLIC SUPPLIES

Seven towns and villages have municipal water supplies compris-
ing wells, storage reservoirs, and distribution systems, The typical
pubhc—supply well is cased with 8-inch or larger steel cas'ng and
is pumped with a deep-well turbine powered by an electric motor.
Common practice is to maintain a standby gasoline engine tc supply
power should the electrical power be disrupted. The towns in Clay
County that have public water systems are Clay Center, Edgar,
Fairfield, Glenvil, Harvard, Sutton, and Trumbull. Dewe-se, In-
land, Ong, and Saronville do not have public water-supply systems.
All the towns obtain water from deep wells; none of the water is
chlorinated or softened.

Recent increases in domestic uses of water for modern plvmbing,
sanitary facilities, and air conditioning have necessitated the ex-
pansion of the public water supplies and distribution systems of most
towns,

Data on the municipal water supplies are given in table 2.

INDUSTRIAL SUPPLIES

The amount of ground water used for industries is small. Tn most
places, the water is obtained from the public-supply systems.

The quality of the water is good for most industrial purposes, and
the quantity available at or in the vicinity of all principal towns is
adequate for industrial expansion.

Water used by the railroads is purchased from the municipalities.
Six deep wells, each having a capacity of about 1,000 gpm, supply
water to the U. S. Naval Ammunition Depot, including the needs
for fire protection. Records of these wells are given in table 12.

IRRIGATION SUPPLIES
The greatest use of ground water in Clay County is for irrigating
field crops, principally corn and alfalfa. During the canvass made
in 1954, 257 irrigation wells were inventoried and the type of crops,
the number of acres irrigated, and the amount of water pumped for
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irrigation were ascertained. The cost of some of the wells and their
equipment was also obtained ; these data are shown in the following
table:

Cost of representative irrigaiion wells in Clay County, as reported by owners

Cost of drill- Cort, of drill-
Depth of | ing well and Depth of | ing well and
Year drilled installing Year drilled ir<talling
(teet) pump and (feet) prmp and
powerplant poverplant
140 $2, 000 168 $4, 200
160 3, 800 200 5, 000
180 4, 000 165 4, 200
140 3, 000 172 5, 500
1756 3, 200 175 4, 000
170 3, 420 122 5, 000
175 4, 200 168 4, 800
150 3, 750 172 4, 500
174 3, 000 200 6, 000
158 4, 100 200 6, 400
150 4, 500

About 70 percent of the irrigated acreage is planted to corn, and
the remaining 30 percent is planted to alfalfa, grain sorghum, soy-
beans, potatoes, sugar beets, and miscellaneous crops. A total of
21,248 acres is reported to have been irrigated with water pmped
from wells in 1954, an apparent average of 83 acres per well. How-
ever, the amount of land irrigated by each well was somewhat more
than 83 acres because some wells were installed in late summ-~r and
were not used during the 1954 irrigation season. A total of about
26,000 acre-feet of water is reported to have been pumped for irriga-
tion in 1954, an average of 1.23 acre-feet per acre irrigated. (See
table 3.) The amount of water pumped for supplemental irrieation
varies considerably from year to year because of variations in the
amount and distribution of precipitation received during the growing
season ; in general, however, the quantity pumped each year hes been
increasing.

The water pumped from irrigation wells is distributed by gravity
in ditches or pipes or under pressure through pipes and sprinklers.
The most common distribution method is by gravity in unlined c'itches.
By this method, a canvas dam in the ditch raises the water level above
the level of the field, and curved plastic or metal tubes siphon the
water from the ditch. The water then flows by gravity througl small
furrows down the length of the crop rows. Distribution of weter by
gated pipe is becoming popular, and it may soon be the most common
type of distribution because less labor is required by its use than by
the open-ditch siphon-tube method. This pipe has openings tl ~t are
spaced about 40 inches apart and which may be regulated in size by

467829—59——b
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TaBLE 3.—Summary of acreage irrigated with waler from wells and acre-feet of
water pumped in Clay County in 1954

98 265 | 19 |-ceomen- 166 | 1,750 2,318

Location Irrigated acres of— Reported | Acre-
quantity | feet
pumped | per

Township Grain | Soy- Pas- (acre- acre

north Range west | Corn | Alfalfa %or- beans | ture | Other | Total feet)
ghum

1,870 1.34

1,875 1.78

2,841 1.61

1,240 1.47

517 .96

684 1.09

1,607 1.23

1,765 1.13

618 1.16

1,008 1.24

2,313 .65

997 1.12

932 1.87

1.27

1.59

1.32

2

=

Total or average...| 15,251 | 2,507 | 1,479 151 155 | 1,615 | 21,248 26, 232

small sliding gates; the openings allow water to flow from the pipe
to the crop rows. Sprinklers are coming into common use to irrigate
rolling land ; they are particularly adapted for irrigating alfalfa and
pasture, but their use for row crops, especially corn, is difficult because
much labor is necessary to move the sprinklers in tall-growing crops.

The rate of ground-water development in the county during the
past few years (see fig. 11) is related to the agricultural economy and
technical advances, such as more efficient pumps and wells, the avail-
ability of diesel engines and of propane and butane fusls, and more
effective methods of water distribution. The availability, in parts of
the county, of natural gas for engine fuel also has had an accelerating
effect on ground-water development in those areas.

The number of irrigation wells installed during any year is, in part,
related to the amount and distribution of annual precipitation. In
drought years, especially if the year is preceded by a dry year or
fall, the interest in irrigation is at a high level and many more wells
are constructed than during wet or near-normal years. The adverse
effect of subnormal precipitation on the economy of a nonirrigated
farm may be partly reduced by tilling practices that conserve moisture
in the soil, but irrigation is the only means by which high yields can
be maintained throughout a prolonged drought.

The low level of farm-crop prices during the drought years of
1930-39 probably retarded the expansion of irrigation by ground
water during that period. However, when farm in~ome became
higher, farmers began to install irrigation systems as insvrance against
another drought.
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Prior to 1953, the greatest number of wells installed in any ¢ne year
was that during 1948, which was characterized by being the second
consecutive year of subnormal precipitation and one in which crop
prices were high. The years of 1953 and 1954 were again years of
subnormal precipitation, and during them the greatest expansion of
well development to date was made. More than 100 wells, or about a
third of all the irrigation wells in the county, were drilled during that
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2-year period. The attitude of farmers whose recent interest in irri-
gation stems from the abnormally dry fall and wintew of 1954-55
indicates that the drilling of new wells probably will continue at a
rapid rate during the next few years. Well drillers also report in-
creased interest in irrigation with ground water.

Most irrigators report that irrigation produces greater crop yields
in years of above-normal precipitation as well as in dry years. Only
a few farmers expressed dissatisfaction in the results chtained from
irrigation ; thus, the amount and distribution of future rainfall prob-
ably will not have as important an effect on the developm-nt of ground
water for irrigation as it has had in the past. The use of ground
water for irrigation may be expected to increase at a relatively steady
rate regardless of future climatic conditions.

CHEMICAL QUALITY OF THE GROUND WATER
By F. H. RainwaTer

Improved farming methods and development of ground-water irri-
gation have accentuated the importance of water quality in Clay
County, Nebr., and also have raised problems of maintaining the
suitability of both water and land resources for presert and future
beneficial use. Good-quality water and highly productive soils are
great natural resources that have constantly increasing value. The
extent to which water can be effectively utilized is closely associated
with its chemical quality. Water users are many, an1 water that
meets the quality requirements of one user may be unsatisfactory
for another. Water consumption in Clay County can be roughly
divided into two classes, domestic and agricultural. Hardness, iron
and manganese, fluoride, sulfate, chloride, and nitrate contents are
of primary concern to the domestic consumer. The total mineral con-
tent, the ratio of sodium to calcium and magnesium. and the bi-
carbonate and boron content largely determine the suit~bility of the
water for irrigation.

As rain descends through the atmosphere, it dissolve~ small quan-
tities of gases, which increase its solvent power. After reaching the
land surface, some of the precipitation runs off the surface swiftly
and dissolves little material, and some infiltrates the soil. In Clay
County, much of the infiltrated water is returned to the atmosphere
by evaporation or plant transpiration ; the remainder tr~vels through
and dissolves minerals from the soil and parent material. The addi-
tion of carbon dioxide to the water by decaying orgauic matter in
the topsoil makes the water acidic and greatly enhances its ability
to dissolve minerals, Therefore, water reaching the ground-water
reservoir is more mineralized than rainwater or snowmelt. The
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amount and chemical nature of the dissolved solids in grounc water
are dependent on the chemical and physical type of rock materials
through which the water passes and the duration of contact with
them. The chemical quality of water in any area is the resultant
of the overall geologic and hydrologic environment.

Chemical analyses of ground-water samples collected in Clay County
are given in table 4. The dissolved mineral content as meastred by
specific conductance ranged from 317 to 691 micromhos. Ttis con-
centration range is approximately equivalent to 210 to 450 ppm of
dissolved solids, which is low when compared with many other ground
and surface waters of the Great Plains area. Calcium bicarbonate is
the principal dissolved mineral in solution and makes up abot half
of the total dissolved material in 12 samples for which di~solved
solids were determined. The presence of calcium and bicarbonate in
about equal chemical concentrations (in equivalents per million)
shows that limestone (CaCQ;) or other limy material is the major
parent material that has been dissolved. Sulfate, an ion generally
associated with gypsum deposits or shale, was present in variable
amounts.

DEFINITION OF TERMS

Most of the terms used in the field of water chemistry are common
ones. Although some have a limited use, others may convey a variety
of meanings. Therefore, as an aid to clarity, some of the terrs used
in this report are defined as follows:

Parts per million (ppm) is a unit that expresses concentration of
chemical constituents by weight, usually as grams of constitu~nt per
million grams of solution.

E gquivalents per million (epm) is a unit that expresses concentration
of chemical constituents in terms of the reacting values of tl'« elec-
trically charged particles, or ions, in solution. One equivalent per
million of a positively charged ion (cation) will react with one equiv-
alent per million of a negatively charged ion (anion). Parts per mil-
lion are converted to equivalents per million by multiplying by the
reciprocal of the combining weight of the ion. The following factors
are used:

Cation Factor Anion Faetor

Calcium (Ca™) e 0.04990 | Carbonate (CO; ™) —ceee.__ 0.07233
Magnesium (Mg")oea-... .08224 | Bicarbonate (HCOy ) e .0'439
Sodium (Na&*) oo 04350 | Sulfate (SO™)ccacamecaa 02082
Potassium (K*)o——ee__  .02558 [ Chloride (O')ceccecaca-~ 02820
Fluoride (F™) oo 05263

Nitrate (NOs™) cacacaac—- 01613

Specific conductance is a measure of the ability of a water to conduct
an electrical current and is expressed in terms of micromhos at 25 ° C.
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TaBLE 4.—Chemical analyses of ground waler in Clay County
[Use: Dom, domestic; Irr, irrigation; PS, public su})lgly; 8, livestock. SAR, sodivm-adsorption ratio,

Results are in parts per million except as indicated]

Tem-| Totall Cal- | Mag-| Sodi-| Po- | Bicar- | Car-

Well Depth | Use | Date of | pera-| Silica | iron | cium | nesi-| um | tas- | bonate | bon-

(feet) collection| ture | (SiOg) | (Fe) | (Ca) | um | (Na) | sium |(HCO;)| ate
CF) (Mg) (K) (COy3)
160 Irr 8- 5-54 21 |eeaeee 183 0
159 Irr 8- 5-54 18 |.o-. 188 0
150 Irr 8- 5-54 18 196 0
175 Irr 8- 5-54 16 ... 193 0
161 Irr 8- 5-54 16 (... 163 0
180 Irr 8- 5-54 21§ 58 196 0
185 Irr 8 6554 ||| fmma et 18 ... 206 0
m| m [(ETE) TR 25 06| 45| 69| 14} 55| 182 0
8 654 |- oo e e e 17 Joeal 201 0
185 Irr 204 0
158 Irr 199 0
178 Irr 182 0
130 | Irr 308 0
140 Irr 237 [1]
141 | Irr 207 0
100 { Dom 180 0
163 Irr 244 0
167 Irr 182 0
1356 Irr 210 0
241 0
183 | Irr 256 0
180 Irr 258 0
200 Irr 187 0
160 Irr 173 0
135 | Dom 171 0
141 Irr 8- 4-54 | oo e 19 e 234 0
170 Irr 8- 4-54 |oeo oo 28 |- 183 0
210 Irr 4-30-54 31116 66{ 9. 30| 48 259 0
160 S 8- 4-54 59 28 | 4. 41 601 12 25| 4.2 233 0
100 | TIrr 8- 4-54 59 29 39 22| 3.8 152 0
163 Irr 8 454 | e e el 21 | 228 1]
180 PS 4-29-54 56 30 08 85§ 12 30110 280 0
163 Irr 8- 4-54 | | 25 248 4
200 Irr 8- 4-54 | oo 24 211 1]
6-27-54 48 33| .22 6411 18| 5.5 230 0
16 | T ({ S7H ; 18 230 ¢
143 Irr 20 233 4
190 Irr 28 331 0
149 Irr 22 248 0
178 Irr 16 180 0
182 Irr 19 200 0
165 Irr 15 144 0
ol %65 2| o
200 Ps 2% 293 0
165 | Irr 8-8-54 |oeoo )| 2. 225 6
180 Irr 4-29-54 55 26} .70 98 | 14 30 83 282 0
ol o S RO DO PO ORI A, 29 ... 274 0
175 Irr 8- 3-54 23 251 0
168 Irr 8- 3-54 |oei) s 28 238 0

1 Composite sample from three wells,
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TaBLE 4—Chemical analyses of ground water in Clay Couniy—Continued

Dissolv-| Hardness as

ed CaCOs Specifio
Sul- | Chlo-| Fluo-[Nitrate [Boron| solids Per- duct-
‘Well fate | ride | ride | (NO3) | (B) |(residue| cent | SAR ance pH
(804)| (CD | (I onevap-| Calei- | Non-| sodi- (micro-
oration| um, car- | um mhos at
at 180°| magne-| bon- 25° C)

C) sium | ate

160 10 22| 0.7 410 } 7.8
180 26 18 .6 432 | 8.1
160 0 20 .6 390 | 7.7
179 21 16 .5 425 | 7.8
152 18 19 .6 3718 7.8
181 20 19 7 455 | 7.3
173 4 18 .6 414 | 7.9
141 0 17 .b 3431 7.5
152 0 20 .6 366 | 7.9
171 4 15 .5 3% | 8.1
160 0 14 .4 361 | 7.8
146 0 14 .4 336 | 7.9
249 0 16 .6 560 | 8.0
249 55 18 .7 597 1 7.9
177 7 21 .7 444 | 7.8
160 12 23 .8 435 | 7.0
261 61 17 .7 609 | 7.9
164 156 18 .6 408 | 8.0
198 26 2 .9 520 | 8.0
260 62 16 .6 601 | 7.5
255 45 17 .7 591 | 8.0
232 20 20 .7 563 | 8.1
156 3 19 .6 380 | 8.0
130 0 18 .b 3171 7.8
136 0 16 .b 334 | 7.1
212 20 16 .6 4951 7.8
128 0 32| 1.1 378 | 8.1
205 0 24 .9 519 | 7.8
199 8 21 .8 490 | 7.8
128 3 27 .8 358 | 7.2
222 35 17 .6 521 | 7.9
261 31 19 .8 628 | 7.3
292 82 16 .6 657 | 8.3
163 0 24 .8 419 | 8.0
203 14 16 .6 473 | 7.3
201 12 16 .6 461 | 8.1
209 1 17 .6 478 | 8.3
245 0 20 .8 566 | 8.0
279 76 15 .6 626 | 8.0
158 10 18 .6 384 | 8.0
179 15 19 .6 436 | 8.0
147 29 18 .5 361§ 7.7
248 71 17 W7 583 | 8.1
285 | 103 16 N 646 | 7.2
287 | 104 16 .7 651 | 8.2
213 19 18 .6 493 | 8.3

71 17 .8 687 | 7.4
302 77 17 .7 685 | 8.2

20 18 <7 530 | 7.9
308 | 113 17 .7 691 | 8.0

1 Composite sample from three wells.



66  GEOLOGY AND GROUND WATER, CLAY COUNTY, NEBR.

Because the specific conductance is dependent on the arount of ions
in solution, it can be used as a measure of the mineralization of the
water. The following approximate relations are generally applicable:
Specific conductance X (0.65-0.05) =ppm dissolved solids
Specific conductance
100

Percent sodium is the ratio, expressed as a percentag=, of the con-
centration of sodium to the sum of the concentrations of the principal
positively charged ions (calcium, magnesium, sodium, and potas-
sium)—all concentrations are expressed in equivalents per million.

Sodium-adsorption-ratio is related to the adsorption of sodium by
soil and is an index of the sodium, or alkali, hazard of the water.
(See section on “Criteria for rating irrigation water.”)

Leaching percentage is the ratio, expressed as a percentage, of the
amount of water that passes downward through the ront zone to the
amount of water that is applied to the land surface.

“Residual sodium carbonate” is the amount of carbonete plus bicar-
bonate, expressed in equivalents per million, that would r>main in solu-
tion if all the calcium and magnesium were precipitated as carbonates.

Salt is a comprehensive term embracing all ionizable material in
solution from such minerals as gypsum (CaSO,-2I1,0), calcite
(CaCOs), and epsom salts (MgSO,-7H,0), and others. The term
does not refer to common table salt (NaCl) alone.

Salinity is the dissolved mineral content of a water or the soluble
salt content of a soil.

Saline soil refers to a soil that contains sufficient soluble salts to
impair its productivity.

=total epm cations=total eprr anions

FACTORS AFFECTING THE CHEMICAL QUALITY OF THE WATER

The difference in quality of the ground water from place to place
in Clay County is the combined result of several factors, none of
which alone is completely responsible for the chemical characteristics
at any location. The most important factors are (1) the direction of
ground-water movement and the source and amount of recharge and
(2) the chemical and physical composition of the saturated material
in the vicinity of the wells. Although general relations!ips, or water-
quality patterns, are apparent, each well is a separate entity; the qual-
ity of the pumped water is dependent more on local thar regional con-
ditions. Nevertheless, an understanding of the general relationships
is important to efficient countywide development of the ground-water
Tesources.

As in the discussion of the quantity and movement of the ground
water, Clay County must be considered in quality-of-water discussions
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as a small segment of a large ground- and surface-water d-ainage
basin. The quality of the water is influenced by the environwent in
adjacent areas as well as in the county.

CHEMICAL QUALITY IN RELATION TO DIRECTION OF GROUND-WATER MOVEMENT
AND RECHARGE

The location of the sampling points and the specific conductance of
the water are shown on figure 12. The general movement of ground
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F1qusR 12.—Map of Clay County showing relation of specific conductance to divection of
ground-water movement,
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water through Clay County is in a southeasterly direct’on, and the
specific conductance of the water in a section from Trumbull to Ong
(line A-4", fig. 12) decreased from 687 to 410 micromhos as the water
moved through the aquifier. A similar decrease was notel from Har-
vard toward the northeast corner of the county. However, the con-
centration increased from Glenvil to Edgar. The water near Glenvil
had the lowest concentration of dissolved solids in the county; there-
fore, water in any direction from Glenvil had a higher degree of min-
eralization. Although there are several local exceptions, the decrease
in concentration in the direction of ground-water movemeont is gener-
ally applicable to the entire county and has been observed in adjacent
counties downgradient.

Local changes in the chemical quality of the ground water often are
significant in relation to ground-water recharge. The pattern of min-
eralization of the water in Clay County provides additicnal evidence
that substantial ground-water recharge occurs within the county. If
underflow were the major source of recharge, the minern1 content of
the water would be expected to increase in the direction of ground-
water movement, for the material through which the water moved
would contribute additional dissolved substances to the water. No
known “demineralizers” are present in the rocks of the aquifer to ac-
count for a decrease in mineralization. Dilution of the ground water
by local recharge is the most probable cause of the decrease; conse-
quently, local precipitation must be an important source of recharge
to the water table.

CHEMICAL QUALITY IN RELATION TO GEOLOGY

The chemical quality of the ground water is influenced also by the
chemical and physical nature of the water-bearing deposits. Erosion of
the pre-Pleistocene bedrock, as described in the section o “Geology,”
incised valleys and left uplands and disconnected ridges th »t were later
filled and covered during glacial periods with clay, silt, sand, and
gravel. The north-south geologic sections (pl.2) show that the buried
valleys contain thick deposits of sand and gravel, where~s the ridges
and uplands are covered principally by silt and clay. The low per-
meability of the slit and clay in the Pleistocene deposits snd the Ogal-
lala formation, and of the shale in the Niobrara and C-rlile forma-
tions, creates greater internal friction to fluid flow than the sand and
gravel deposits and decreases the rate of movement of ground water.
As the water moves slowly through these fine-grained meterials, more
time and more surface area are available for solution than when the
water is moving through the sand and gravel.

Bedrock fragments incorporated into the Pleistocene material close
to the outcrop areas of the different formations during the process of
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deposition, erosion, and reworking may account for some of the ob-
served variations in water quality.

Isolation of the chemical and physical characteristics of tk» water-
bearing material is very difficult, and illustration of the inflvence of
each by water-quality data is inconclusive. However, the aggregate
effect of geology on water quality is shown by the relation of pre-
Pleistocene topography to water mineralization. (See fig. 13.) The
water samples having the higher dissolved-mineral concentration gen-
enerally were from wells near the higher elevations of the bedrock.
For example, in the region from Trumbull to Clay Center, spe~ific con-
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Figuep 18.—Map of Clay County showing relation of specific conductance to bedrock
elevation.
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ductances of 500 to 700 micromhos are prevalent; whereas along the
buried valleys from Glenvil to Ong, the conductances generally range
from 300 to 500 micromhos.

The percentage of sulfate by weight in the residue on evaporation
increases as the total salt content increases. (See fig. 14.) The
Ogallala formation, which constituted the surficial material immedi-
ately prior to glacial time, contains very little sulfate. However, a
part of the Niobrara formation, which cropped out or was very near
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F1cURE 14.—Percentage of sulfate in anhydrous residue.
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the surface along the ridges and uplands, yields calcium sulfrte water
to wells in other areas. Part of the sulfate, however, may be derived
from clay deposits within the Pleistocene material.

CHEMICAL QUALITY IN BRELATION TO PUMPING

Four irrigation wells were sampled prior to the 1954 irrigation
season and were resampled in August near the close of the season to
ascertain changes in water quality attributable to prolonged yrunping.
Abridged analyses in table 5 show no appreciable change in either total
concentration or percentage composition. The fact that there results
are similar is not proof that there will be no fluctuation in quality dur-
ing wet and dry cycles or in local areas when irrigation development
decreases the ground-water supply. Some changes may occur, par-
ticularly in places where the water table is near the land surface or
where the water-yielding material is thin, but the changes probably
will not significantly affect the usability of the water. This ccnclusion
is based primarily on the relatively homogeneous chemical makeup

TasLe 5.—Analyses of water from resampled wells, showing constancy of c mposition

Specific Hardness | Alkalinity
conductance | a8 CaCOs | (HCOy) Percent
Date {micromhos sodium
at 25° C)
Parts per million
Well 5-7-8bb
Apr. 29, 1954 . . 343 141 182 17
Aug. 8l 366 152 201 20
Well 6-7-1bd
Apr. 29, 1964 __ el 601 260 241 16
Aug. 4L 591 2556 256 17
Well 8-5-18ca
June 27, 1954 - .. _.__ 473 203 230 16
Aug. 3o s 461 201 230 16
Well 8-7-34ac
Sept. 25, 1952 _ L 646 285 222 16
Aug. 3, 1954 . el 651 287 223 16
Well 8-8-18ac
Apr. 29, 1954 . e 687 302 282 17
Aug. 3 s 685 302 274 17
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of the water-bearing material and on the absence of water of truly poor
quality from existing wells in the county.

WATER QUALITY AND USE
The ground water in Clay County is of generally good quality for
many uses, although chemical additives or treatment may be recom-
mended if the water is to be used for certain specific purposes. Water-
quality criteria for the major water uses in the report arer are included
in the following discussion.

DOMESTIC USE

Water for domestic use should be clear, pleasant to the taste, of
reasonable temperature, and free from organisms that ere capable of
producing intestinal infections. Departments of heal‘h from time
to time have established standards that govern the quelity of water
used under their jurisdiction. The only nationwide standards per-
taining to the quality of potable water supplies are those described by
the U. S. Public Health Service (1946). These standards were first
enacted in 1914 under the provisions of the Interstate Quarantine
Regulations and have since been revised in 1925, 1942, and 1946.
Specifically, these standards apply only to the waters that are used
for drinking and culinary purposes on railroad cars, aircraft, and
vessels in interstate traffic. However, they have been adopted by the
American Water Works Association as recommended limitations for
public water supplies. Those standards that pertain to chemical
constituents are shown, in part, in the following table:

Allowable limits, in paris per million, for potable water

Limiting
Constituents corcentrations
Iron and manganese together 0.3
Magnesium - 125
Chloride 250
Fluoride 1.5
Sulfate 250
Dissolved solids. 1 500

11,000 ppm permitted if no other water is available.

Excessive concentrations of certain chemical constitnents may be
very undesirable. Iron and manganese in high concentrations are
objectionable for domestic uses because they may stain porcelain,
enamel, and fabrics. Water containing large quantities cf magnesium
in conjunction with sulfate (epsom salt) has saline cathartic prop-
erties. Chloride in concentrations of more than a few hundred parts
per million imparts a characteristic salty taste. High fluoride con-
centration in water is associated with the dental defect known as
mottled enamel if the water is used for drinking by children during
calcification, or formation, of the permanent teeth (Dean, 1936).
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However, the consumption during the same period of water that con-
tains small quantities of fluoride has been shown to build stronger
and healthier teeth. The American Dental Association and numerous
State and local health agencies recommend about 1.0 ppm of fluoride
in drinking water for children during the calcification period.
Nitrate in water may indicate previous contamination by sewage or
other organic matter because it represents the final stage of oxidation
in the nitrogen cycle. Cyanosis in infants, owing to methemoglo-
binemia, has resulted from drinking water of high nitrate content.

With the exception of some undesirably high quantitier of iron,
the recommended maximum concentration limits for chemical con-
stituents were not exceeded in the samples from Clay County.

Hardness is the characteristic of water usually recognized by the
increased quantity of soap required to produce a lather or by the
deposits of insoluble salts formed when the water is heated or evapo-
rated. Calcium and magnesium cause most of the hardness of water.
Other constituents, such as iron, aluminum, strontium, barium, zine,
or free acid, also cause hardness; however, they are not present in
sufficient quantities, as a rule, to have any appreciable effect. Specific
limits cannot be set for hardness, but the following gradations
generally are recognized :

Hardness
(ppm) Rating and usability
<60-... Soft-—suitable for many uses without further
softening.
61-120____ Moderately hard—usable except in some industrial
applications.
121-200-___ Hard—softening required by laundries and some other
industries.
>200---- Very hard—requires softening for most purposes.

All the ground water sampled in Clay County is rated as either
hard or very hard. The areal distribution of water hardness is shown
by figure 15.

IRRIGATION

Irrigation with ground water is an integral part of the agrarian
economy of Clay County; in 1954, 257 irrigation wells pumped about
26,000 acre-feet of water to supplement the rainfall on a reported
21,248 acres of farmland.

CRBITERIA FOR RATING IRRIGATION WATER
Irrigationists have long recognized that the success or economic
feasibility of irrigation is dependent on water quality, and a better
understanding of the subject is developing rapidly. The interpre-
tation of the analysis of an irrigation water has been described as
empirical in the sense that an explanation of the analysis is based
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F1Gure 15.—Map of Clay County showing areal distribution of ground-water hardness.

on field observations, experience, and plant-tolerance research. Thus,
the rating and classification of an irrigation water appear to be
wholly arbitrary; but, although different approaches ar~ often used,
the agreement among workers in this field is good. T e following
statements have been drawn largely from publications in the field
of irrigation, particularly the subject of quality of water for irrigation
(Chem. and Eng. News, 1951; Eaton, 1950, 1954; Isrrelsen, 1950;
Scofield, 1936; Thorne and Thorne, 1951; U. S. Bur. Reclamation,
1953; U. S. Salinity Lab. Staff, 1954; Wilcox, 1948; and Wilcox,
Blair, and Bower, 1954).
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Chemical-quality factors that determine the suitability cf water
for irrigation are (1) the total salt content and the amount of some
constituents of the applied water, (2) the relative proportions of some
of the ions in the applied water, and (8) the increase in concentration
of salts and the chemical changes that take place because of evapo-
transpiration after the water is applied. Poor irrigation practice or
application of water of unsuitable quality may decrease the produc-
tivity of the land. Experience has proved that without ¢dequate
drainage and (or) application of excess water to leach the soil, the
use of water classified as excellent for irrigation has caused scme soils
to become saline and relatively impervious. Conversely, relatively
saline water, when applied in excess of normal requirements to perme-
able, well-drained soil, has been used successfully. The net effect
of applying water of seemingly unsuitable quality has often been ad-
justed or controlled by improving the drainage, by applying sufficient
water in excess of crop needs to maintain a soil structure and environ-
ment favorable for crop production, or by applying chemicals.

Investigations have shown that a high concentration of dissolved
salts in the soil or root zone generally is undesirable. Howevrr, plant
varieties differ, not only in tolerance of total salts but also in
tolerances of the various ions that compose the salt mixture. Too
high a concentration of dissolved salts in the soil solution may de-
crease the rate of water intake by the plant.

Boron in small amounts is essential for the normal growth of all
plants; however, it is toxic to certain plants in concentrations that
are required for the optimum growth of others. Water that contains
less than 0.33 ppm boron is classed as “excellent” for irrigat’ng even
the most boron-sensitive crops (Wilcox, 1948, p. 27).

The nature and concentration of the cations (positively charged
ions) are significant in determining the suitability of water fo irriga-
tion because the reactions of the cations with the soil affect the soil
texture. Calcium and magnesium tend to keep a soil permeable and
in good tilth; unfavorable physical conditions can result if sodium
is the predominant cation. Water that has a high ratio of sodium
to calcium and magnesium may adversely affect the soil through the
chemical process of cation exchange, in which sodium replaces calcium
and magnesium in the soil complex. Continued application of water
that contains a high sodium ratio may cause the soil to become rela-
tively impermeable to the downward movement of water and ray ulti-
mately bring about serious drainage problems, saline-alkali or alkali
soils, and crop damage. The phrase “Hard water makes s~ft land
and soft water makes hard land” is an accurate summation of cationic
relations.

467829—59——6
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The U. S. Salinity Laboratory Staff (1954) has developed a rating
diagram that shows salinity hazard and sodium hazard independently.
The sodium-adsorption-ratio(SAR) is used to predict tl~ sodium, or
alkali, hazard involved in the use of irrigation waters. The formula
for calculating SAR, in which concentrations are expressed in equiva-
lents per million, is as follows:

Na

[Ca+Mg
2

Figure 16 shows the diagram recommended by the U. S. Salinity
Laboratory Staff (1954) for the classification of irrigation water. The
curves have a negative slope to compensate for the dependence of
sodium hazard on total concentration. Interpretation of the diagram
by the laboratory staff is as follows:

SAR=

Salinity Hazard

Low-salinity water (C1) can be used for irrigation with most crops on most
soils with little likelihood that soil salinity will develop. Sowe leaching is
required, but this occurs under normal irrigation practices except in soils
of extremely low permeability.

Medium-galinity water (02) can be used if a moderate amorut of leaching
occurs. Plants with moderate salt tolerance can be grown in most cases without
special practices for salinity control.

High-salinity water (03) cannot be used on soils with restricted drainage.
BEven with adequate drainage, special management for salinity control may be
required and plants with good salt tolerance should be selected.

Very high salinity water (04) is not suitable for irrigation under ordinary
conditions, but may be used occasionally under very special circumstances.
The soils must be permeable, drainage must be adequate, irrigation water
must be applied in excess to provide considerable leaching, and very salt-
tolerant crops should be selected.

Sodium Hazard

The classification of irrigation waters with respect to SAB is based pri-
marily on the effect of exchangeable sodium on the physical eondition of the
soil. Sodium-sensitive plants may, however, suffer injury as a rosult of sodium
accumulation in plant tissues when exchangeable-sodium values are lower than
those effective in causing deterioration of the physical condition of the soil.

Low-sodium water (81) can be used for irrigation on almost all soils
with little danger of the development of harmful levels of exchangeable sodium.
However, sodium-sensitive crops such as stone-fruit trees and avocados may
accumulate injurious concentrations of sodium.

Medium-sodium water (82) will present an appreciable sodium hazard in
fine-textured soils having high cation-exchange-capacity, especiclly under low-
leaching conditions, unless gypsum is present in the soil. T™is water may
be used on coarse-textured or organic soils with good permeability.

High-sodium water (83) may produce harmful levels of exchangeable sodium
in most soils and will require special soil management—good drainage, high
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Figuam 16.—Diagram by U. 8. Salinity Laboratory Staff for classification ¢f irrigation

water.

leaching, and organic matter additions. Gypsiferous soils may nt develop
harmful levels of exchangeable sodium from such waters. Chemical amend-
ments may be required for replacement of é¢xchangeable sodium, except that
amendments may not be feasible with waters of very high salinity.

Very high sodium water (84) is generally unsatisfactory for irrigation
purposes except at low and perhaps medium salinity. where the solution of
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calcium from the soil or use of gypsum or other amendments rray make the
use of these waters feasible.

The designers of the diagram point out that—

In the classification of irrigation waters, it is assumed that t“e water will
be used under average conditions with respect to goil texture, infiltration rate,
drainage, quantity of water used, climate, and salt tolerance of crop. Large
deviations from the average for one or more of these variabl:s may make
it unsafe to use what, under average conditions, would be a gcod water; or
may make it safe to use what, under average conditions, woul? be a water
of doubtful quality.

In studies of water quality for irrigation, the concentr~ting action
of evaporation and transpiration, the chemical changes that take
place in the water through precipitation of some salts, and selective
plant uptake also must be considered. Surface evaporation and
plant extraction of water, (H,0), which are almost always in excess
of plant uptake of salt, increase the concentration of salts in the
soil solution. The concentration usually increases with depth
through the root zone. Carbonates and bicarbonates, because
of their tendency to form relatively insoluble salts with calcium and
magnesium, are the principal constitutents influencing changes in
percentage composition. If the amount (in equivalents per mil-
lion) of carbonate plus bicarbonate in the original water exceeds
that of calcium plus magnesium, the soil solution will contain so-
dium carbonate. This residual sodium carbonate, being the salt of
a strong base (sodium) and a weak acid (carbonic), has strong al-
kaline properties. The organic material of the soil is dissolved by
strong alkaline solutions (pH 8.4 or higher), and the soil takes on a
grayish or blackish color caused by a colloidal coating of organic mat-
ter on the individual soil particles or aggregates; such a soil condition
isreferred to as “black alkali.” Wilcox (1952), from experiments with
Rhodes grass and drainage percentages (“leaching percentages’”; see
p.79) of 25 and 6.25, reports:

The importance of bicarbonate in irrigation waters has beeu under in-
vestigation at the laboratory for several years. It has been f-und that bi-
carbonate waters are less desirable for irrigation purposes thaum chloride or
sulfate waters. Eaton [1950] defined the term “residual sodin™ carbonate”
as the excess of bicarbonate over calcium plus magnesium expressed in milli-
equivalents per liter. Based on the findings of this experiment, it is thought
that waters with more than 25 meq./1. “residual sodium cgrbonate” are
. not guitable for irrigation purposes. Waters with from 1.25-2.5 meq./1. are
marginal and those with less than 1.25 meq./1. “residual sodium carbonate”
are probably safe. In connection with the marginal group of waters, good
management practices and proper use of amendments might make it possible
to use some of these waters successfully for irrigation. These conclusions
are based on limited data and are, therefore, tentative.
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“Residual sodium carbonate” tolerances recommended 'y Wil-
cox probably are somewhat higher than would be permissible in
Clay County, because the average drainage percentage, or percent-
age of applied water that passed below the root zone, used in his
study is higher than would be expected in Clay County.

SUITABILITY OF GROUND WATER FOR IRRIGATION

A classification of the ground waters of Clay County witl respect
to their suitability for irrigation is given in table 6. Under the
U. S. Salinity Laboratory classification, all the ground-water sam-
ples have medium salinity hazard and low sodium hazard. The
water is satisfactory if a moderate amount of leaching occurs (C2),
and there is little danger of the development of harmful levels of
exchangeable sodium (81). Few of the samples contained residual
sodium carbonate, and none analyzed for boron contained excessive
quantities of boron.

LEACHING AND CALCIUM REQUIREMENTS

Eaton (1954) used another approach to the irrigation-water subject.
Rather than rate a water as good or unsuitable, he developed formulas
that, when applied to any water, define the “leaching perrentage”
and amount of chemica] additives required. The formulas estimate
(1) the “leaching percentage,” or percentage of applied weter that
should be leached downward beyond the root zone to maintain salt
concentrations in the soil sufficiently low for reasonable yields, and (2)
the quantity of calcium required to prevent unfavorable sodium ratios.
The required calcium is the amount that must be added to limit the
percent sodium of the soil solution to 70, to replace carbonate precipi-
tation of calcium and magnesium, and to replace calcium and mag-
nesium taken up by crops. The term “reasonable yields” derignates,
for crops of intermediate salt tolerances, a production level of 70 to
80 percent of yields obtained in a semiarid climate on nonsaline land ;
“good yields,” between 85 and 90 percent. (Seetable7.) A svmmary
of Eaton’s formulas, in the order of use and the designaticms used,
are as follows:

Sw—Salinity of irrigation waters expressed as milliequival~ats per
liter (or equivalents per million) of Cl plus half the SO,.

d% and D% —Tentative (d) and final (D) percentage of applied
irrigation water passed through the root zone as drainage (leaching
percentage).

Mss—Salinity of mean soil solution measured as Cl plus half the
S0O,, in milliequivalents per liter, The value 40 is taken as an Mss
concentration that is expected to produce reasonable yields and 20
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TaBLE 6.—Suitability of ground water for irrigation

Specific con- Sodium- Fesldual
Well ductance Percent | adsorption-| Classifica- | sodium Boron
(micromhos | sodium ratio tion 1 cerbonate | (ppm)
at 25°C) (epm)

5-5-12ad .. .. 410 22 0.7 | C2-81 0.00 |—___.
5-5-18ab_ .. ___ 432 18 .6 ] C2-81 00 oo oo
5-5-36bb. oo o_.. 390 20 .6 | C2-81 1} I FO
5-6-10bb_ - .. ______ 425 16 .5 C2-81 00 oo
56-32de. ..o _.___ 378 19 .6 | C2-81 .00 Lo
5-6-36ca__ . ___.____ 455 19 7| C2-81 .00 0. 06
5-7-20Ccme oL 414 18 .6 C2-81 .00 .-
5-7-8bb_ .. 343 17 .51 C2-81 . 16 .05
5-7-28bb_ .. 396 15 .5 C2-81 .00 oo
5-8-288 oo oeee 361 14 .4 C2-81 .06 |-
5-8-6db. .. ______ 336 14 .41 C2-81 .06 jooo._
5-8-26dd . - _____ 560 16 .6 | C2-81 LO7 o
6-5-18aa_ oo 597 18 L7 C2-81
6-5-22da_ - .o 444 21 7 C2-81
6-5-32¢d._ o 435 23 .8 C2-81

609 17 .7 C2-81

408 18 .6 C2-81

520 24 .9 C2-81

601 16 .6 C2-81

563 20 .7 C2-8S1

380 19 .6 C2-81

317 18 .5 | C2-81

334 16 .5 C2-81

495 16 .6 | C2-81

378 32 1.1} C2-81

519 24 .9 C2-81

490 21 .8 | C2-81

358 27 .8 C2-81

521 17 .6 | C2-81

628 19 .81 C2-81

657 16 .6 | C2-81

419 24 .8 C2-81

473 16 .5 C2-81

478 17 .6 | C2-S1

566 20 .8} C2-81

626 15 .6 | C2-81 .

384 18 .6 | C2-81 .

436 19 .6 | C2-81 00 oo

361 18 .51 C2-81 L00 oo

583 17 .71 C2-81 .00 oo

651 16 7| C2-81 00 oo

493 18 .6 | C2-81 .00 oo .

687 17 .81 C2-81 .00 .04

530 18 .71 C2-81 L00 b

691 17 . .7 C2-81 .00 foo

1 After U. 8, Salinity Laboratory Staff, 1054.

2 Composite sample from 3 wells.
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to produce good yields, of crops of intermediate salt tolerance grown
in a semiarid climate, such as that at Riverside, Calif.

Required leaching percentage—tentative

Swx100
2><Mss—Sw_d%

Swx100
r 20— S /0

Calcium requirements—Ca in milliequivalents per liter
Ca a: To adjust water to 70 percent sodium:
Nax0.429 — (Ca-+Mg)=Ca (retain plus or minus sign)
Ca b: To offset HCO; precipitation:

HCO,X (100—d%) _
100

Ca

Ca ¢: To supply Ca plus Mg taken by plants in excess of Na:

0.30 X (100—d %)
100

Ca
Total Ca: a+b-+¢. Multiply total Ca by 234 to get pounds of
gypsum per acre-foot of irrigation water.

Required leaching percentage—final

(Sw+-§ total Ca) X100 —Dy
2X Mss— (Sw+ 5 total Cay /¢

The calcium and magnesium lost by leaching and by plant uptake
in soils watered by precipitation are replaced by hydrogen ions, with
a consequent increase in soil acidity; ground limestone or msrl (cal-
cium carbonate) is commonly added to serve the twofold purpose
of correcting acidity and supplying calcium for plant growtlk. Con-
versely, under irrigation, the calcium uptake of plants and the calcium
carbonate precipitation from the soil solution increase the soil alkalin-
ity ; sodium ions, rather than hydrogen ions, are involved. As plants
probably do not take up bicarbonate and take up little sodium from
the soil or irrigation water, these ions may accumulate with the con-
sequent development of residual sodium carbonate and of pH values
in the black-alkali range. Therefore, Eaton expresses calcium re-
quirements for irrigation water in terms of gypsum (calcium sulfate)
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because gypsum is a relatively soluble mineral and is effective in pre-
venting alkali-soil conditions.

Rainfall is not included in the drainage estimates. Itaton (1954,
p- 6) justifies the omission as follows:

It might seem necessary to consider rainfall; rainfall, in ef’ect, serves as
a diluent for the irrigation water., But actually a formula for summarizing
the salts of irrigation waters in terms of their leaching requirements should
characterize the irrigation water rather than conditions of its usre. This is not
to say that abundant rainfall does not promote leaching * * * Suppose that
during the process of reducing the volume of the water by evaroration, a few
hundred milliliters of distilled water is added. This addition does not change
the concentration of the final volume nor would it change the percentage of the
original érrigation water which must be wasted from the rootzon+; the addition
only serves to lengthen the period of volume reduction. From the standpoint
of salinity, rain water falling on the land requires no leaching.

Leaching and calcium requirements for reasonable yields are given
in table 7. For good yields these requirements would be a little
higher.

Although the required leaching percentages are small, the flushing
of the dissolved salts of the irrigation water through the root zone
may be difficult in some areas of Clay County. In lieu of actual
leaching data, the average countywide leaching percentage can be
approximated roughly from the following equation:

Ground-water recharge by precipitation

Leaching percentage=
& e g Precipitation—overland runoff

The mean annual precipitation is 24.76 inches, the av~rage annual
overland runoff is about 1 inch (Colby and Oltman, 1948), and the
ground-water recharge by precipitation has been computed as ap-
proximately 1.6 inches. The countywide leaching percentage thus is
about 6 percent when the values are substituted in the equation. Al-
though the countywide leaching percentage is greater than the re-
quired leaching percentages shown in table 7, the acinal leaching
percentage in part of the farmable area may be less than the required
percentage because the figure of 1.6 inches is affected by the high
rate of recharge through the permeable soils of the strram valleys;
the recharge through the less permeable soils of the irrigated uplands
is correspondingly less.

A soil survey of Clay County was reported by Roberts and Gemmell
(1927). This survey shows that, with the exception of the generally
unfarmable stream flood plains, only about 25 to 30 percent of the
land is well drained vertically. Hastings silt loam constitutes about
one-fourth of the soil in the county and is the best upland soil in
the county; its principal difference from the other so’ls is that it
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TasLe 7.—Leaching and chemical-additive requiremenis for reasonadle yields

[Caleium required: ¢, to adjust water to 70 percent sodium; b, to offset bicarbonate precipitition; and ¢,
to supply caleium plus magnesium taken by plants in excess of sodinm]

Calcium required
Tentative Gypsum Final

required required | required

Well leaching a b [ Total | (pounds leaching

percentage per percentage

acre-foot) 1
Milliequivalents per liter

1.0 | —281 2.97 0.30 0.46 108 1.3
11| -3.27 3.08 .30 . 19 1.2
.8 —287 3.18 .30 .61 143 1.2
1.0 —3.28 3.13 .30 .15 35 1.1
10| ~2.74 2.64 .30 .20 47 1.1
——— 1.1 | —-3.23 3.17 .30 .24 56 L2
.8|-313 3.35 .30 52 122 1.2
51 —256 2.97 .30 71 166 .9
.71—3.16 3.32 .30 46 108 1.0
.61 —~298 3.24 .30 .56 131 .9
S —-27 2.97 .30 56 131 .9
.8 | —4.57 5.01 .30 74 173 1.3
6-5-1828 . e ceceam e 1.7 | —4.50 3.81 20| —.40 - 04 1.7
6-5-22da. - 1.0 -3.13 3.36 .30 .53 124 1.3
6-5-32cd 11| —-2.77 2.92 .30 45 105 1.4
6-6-9bd. L7)—475 3.93 .20 —.53 -124 1.7
6-6-30cd .9 -296] 293 .30 .29 68 L1
6-6-36aa. - 1.4} —3.44 3.39 .30 .25 59 1.6
6-7-1bd. 1.9 —475 3.87 20| —.59 -138 1.8
6-7-11ce. 1.3 | —~4.16 4.18 .30 .32 76 1.5
.8 —28 3.04 .30 .54 126 1.1
.5 ~2.36 2.83 .30 77 180 1.0
41 —248 2.79 .30 .61 143 .8
1.1]-~388 3.7 .30 .21 49 L2
.81-204 2.98 .30 1.24 290 1.6
10{—3.5¢4 4.20 .30 .96 225 1.6
1.2} -351 3.7 .30 .86 131 1.6
.9 —215| 2.47 .30 .62 145 | 13
13| —~405| 360! .30| —.06 —14 ‘ 1.3
1.4 ] —4.66 453 .30 17 40 ' 1.5
2.1 ~5.387 4.}2 .28 —. 98 —229 2.0
.81 ~281 3. .30 .92 2156 14
1.0} -373 3.73 .30 .30 70 1.2
1.0} ~3.81 3.91 .30 .40 94 1.2
L7 ] ~4.38 5.38 .30 | 1.30 304 1.5
1.9} ~5.17 3.98 29| —.9%0 -211 1.9
.91 ~286 2.92 .30 .36 84 L1
L0 | -322 3.25 .30 .33 75 1.2
11| -~2.66 2.33 .30 —.03 -7 1.0
L9 | ~4.51 3.47 201 —.75 -176 1.8
2.4 | ~5.26 3.56 .20 —1.41 -330 2.3
11| ~3.87 3.86 .30 .28 66 1.3
211 ~648 4,52 200 —.67 —157 2.2
1.2 —~4.09 4.06 .30 .27 63 1.3
2.6 | ~5.64 3.80 .29 | —1.55 ~363 2.5

1 Negative figures indicate the extent to which calcium in the water is already in excess of that needed
to maintain satisfactory conditions, without addition of gypsum.
3 Composite sample from 3 wells.

Nore.—Data calculated with Eaton’s formulas (Eaton, 1954).

has no claypan. Crete silt loam is the most prevalent soi’ (about
half the county) ; however, it contains a tight claypan, locally called
“brown gumbo layer,” beginning 14 to 20 inches below the surface.
Butler silt loam occurs in basinlike areas; the upper subsoil layer
is a true claypan, extremely compact and almost impervions. The
Fillmore silt loam is known as “black gumbo so0il” and al<o has a
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claypan layer in the upper part of the subsoil. Drainage is especially
poor through the Scott silt loam ; rainwater that drains into the de-
pressions remains on the surface for a period of time rsnging from
a few days to several months. The Butler, Fillmore, and Scott silt
loams cover about 15 percent of the county,

Periodic checks of soil salinity are recommended for land under
ground-water irrigation. Salinization of soils above a claypan can

8
g
3
<

-EXPLANATION
ling points im requirement, in
Samp m:;: R wmmd?m acre-foot
Partial analysis
@157
Complete analysis
Figures indicate pounds
of gypsum required per
aﬂm of water
Nggﬁvg figures indicate amount
which caicium in the water
exceeds the requirements

Y
More than 200

Fiaure 17.—Map of Clay County showing areas requiring added calcium as indicated by
Eaton’s formulas (Eaton, 1954, p. 3-16).
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be prevented by careful management, but “desalinization,” or roclama-
tion, may be very difficult.

Figure 17 is a map based on the column for “Gypsum requ‘red” in
table 7. The areal distribution of calcium requirements follows, in
general, the pattern of mineralization. The more concentrated ground
water contains calcium in excess of requirements, whereas aditional
calcium is recommended where irrigation is to be done with the more
dilute waters. The difference in requirements for water from wells
close together emphasizes the local variation in water quality. The
preferred method of gypsum application may be dependent on the
amount required and on local irrigation practices. In Clay County,
however, direct application to the soil of finely divided gypsum in
amounts proportional to the need and to the quantity of water applied
will probably produce the desired results.

Eaton’s formulas include calcium to replace the calcium and mag-
nesium removed by the plants. The 0.30 milliequivalents per liter
(70 pounds of gypsum) used in the formula is an average auantity
and is generally applicable under crop-rotation practices. Neverthe-
less, the irrigator should be cognizant of the relative calcium and
magnesium uptake by specific plants. The following table. which
includes data extracted from a report by Eaton (1954, table 2), shows
that the common forage hays remove large quantities of calcium and
magnesium ; the fodders and straws, less; and the grains, very little.

Estimates of calcium plus magnesium removed from the soil per acre-foot of water
(rain plus irrigation)

Calcium plus magnesium
removed per acre-foot of
Produce water
Crop (pounds per
acre-foot of
water) Milliequiva- Gypsum
lents per equivalent,
liter in pounds

Alfalfa hay oo oo 2, 930 0. 84 197
Brome grass hay_ . _____________ 2, 530 .11 26
Clover hay oo 3, 260 1. 09 255
Sudan grass hay_ . ________. 6, 510 1. 00 234
Corn fodder. ... ... 7, 080 . 61 143
Barley hay o oo 5, 250 .33 77
Qat hay. oo 4,240 .33 77
Wheat hay._ oo 4, 880 . 26 61
Corngrain_ . ___ 1,760 .08 19
Barley grain.. . ______________ 1, 990 . 09 21
Qatgrain. .o . 1, 520 .08 19
Wheat grain. .. . 1, 560 .02 5
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The leaching and gypsum requirements calculated by Eaton’s
formulas provide for only the maintenance of the “statu~ quo” of the
soil without irrigation and are not intended to correct any soil-mineral
deficiencies or textural abnormalities. If the required crlcium is ap-
plied and the final leaching percentage is maintained, the soil will
become neither better nor worse as the result of irrigation, If the
water contains calcium in excess of the required amount, the land will
benefit; conversely, if the water is deficient in calcium and none is
added, the land will be depleted gradually of its calcium, and adverse
soil-texture and crop-nutrient conditions may develop.

RECORDS

Data from logs of seismic-survey shot holes, including the inferred
base of the Pleistocene series and the top of the Cretaceous system,
are listed in the table below.

Logs of 127 test holes and wells are given in table 9, p~ge 88.

Daily measurements of depth to water in well 5-6-26bd, 1948-50,
are listed in table 10, page 135. Measurements were taken from
recording-gage charts at lowest daily stage.

Measurements of depth to water in 90 selected wells in Clay County,
1952-55, are given in table 11, page 137.

Records of wells in Clay County, including depths, methods of lift,
static water levels, yields, drawdowns, and uses, are give~ in table 12,
page 145,

TaBLe 8.-—Data from logs of seismic-survey shot hole~

[Logs of seismic shot holes drilled by National Geophysical Co., Ine., for Northern Natvral Gas Producing
Co. On file in office of Conservation and Survey Division, University of Nebraska.  Altitudes of shot
holes established by National Geophysical Co., Ine. All altitudes are in feet above mean sea level]

Inferred bas;ﬁf Pleisto- | Top o Cretaceous System
es

cene
Altitude
8hot hole (feot)
Depth below | Altitude { Deptl below| Altitude
land surface (feet) land surface (feet)
(feet) (feet)

1,735 230 1, 505 335 1,400
1,768 200 1, — .
1,765 240 1, 315 1,450
1,781 210 1,871 255 1,526
1,792 250 L5642 e ]emniaaaaa
1,783 225-4- I Tl PR
1,796 275 3,521 2754 1,521 —
1,791 160 1,631 200 1,501
1, 2004 1, 681—
1,778 160 1,618 RO PR,
1,788 160 1,616 225 1,541

, 768 170 1 210 1,548
1,748 160 1,586 220 1,526
1,742 160 1, 682 235 1,507
1, 170 1,595 245 1, 520
1,758 200 1, 235 1, 523
1,776 170 1,608 270 1,506
1, 160 1,624 265 1,519
1,785 180 1, 605 210 1,575
1, 180 1,602 270 1,512
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TasLe 8.—Dala from logs of seismic-survey shot holes—Continued

Inferredt base of Pleisto- | Top of Creta~eonsSystem -
cene series
Altitude
Shot bole (feet)
Depth below | Altitude | Depthbelow| Altitude
land surface (feet) land surface (feet)
(feet) (feet)

1,772 160 1,612 220 1,852
1,730 ° 130 1,600 200 1, 530
1,748 180 1, 568 285 1,463
1,745 200 1,546 285 1, 460
1,752 200 1, 652 200 1, 562
1,741 170 1,671 280 1,461
1,751 170 1,581 285 1,466

, 765 200— 1, 565—
1,763 (7) (6]
1,756 2407 1, 5167
1,714 80 1,634
1,726 [§9] (?)
1,673 100 1,573
1,706 40 1,668
1,738 100 1,638
1,703 ('!; (?;
1,690 [ (?
1,674 80 1, 594
1,662 (Tg (?;
1,670 Q@ Q@
1, 706 120 1,586
1,746 170 1,876
1,810 45 1, 565
1,816 250 1, 566
1,809 200 1,609
1,819 280 1, 539
1,785 2454 1, 540—
1,796 190 1,606
1,823 190 1,633
1,722 120 1,602
1, 796 176 1,621
1,809 235 1,574
1,811 235 1,576
1,796 200 1, 596
1,787 190 1, 597
1,789 200 1, 589
1,787 1554 1, 627—
1,740 80 1, 660
1,731 160 1,671
1,810 250 1, 560
1,730 100 1,630
1,714 1,649
1,743 60 1,683
1,816 (9] (6]
1,794 7 1,739?
1,731 100 1,631
1,816 125 1,681
1,820 ® (?)
1,748 1,718
1,752 257 1, 7407
1,741 60 1,681
1,705 20 1,685
1,726 70 1,656
1, 706 E?) &?) 170 1,536
1,776 ?) ?) 200 1,576
1,715 130 1,585 220? 1,495?
1,798 180 1,618 205 1, 593
1,812 100 1,7 210 1,602
1,829 140 1, 170 1,659
1,798 80 1,716 135 1, 661
1,836 160 1,676 200 1,636
1,848 (?; (?; 190 1,658
1,840 @ (? 195 1,645
1,813 90 1,723 200 1,613
1,795 [¢4] ) 225 1, 570
1,732 100 1, 205 1,527
1,774 285— 1, 489—
1,769 205— 1,414 e e ee
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TaBLE 9.—Logs of test holes and wells

[Logs marked with an asterisk (*) are drillers’ logs; all others are test holes drilled by the Conservatfon
and Survey Division, Unlversity of Nebraska, in cooperation with the U. 8. Geolcgical Survey. Alti-

tude of land surface, in

estimation from the topographic map (t). Depth’ to water is given in feet below land sur

feet above mean sea leveI was determined by altimeter (a). spiritwlgéel @), or

Thiclk-

ness
(feet)

Depth
(feet)

4-5-12aa
Nuckolls County. Altitude (a), 1,619 ft. Depth to water unkncwn.

Quaternary—Recent and Pleistocene:
Fill: silt and clay, Hght-brown. .. e em—aee 3 3
Soil: silt, clayey, to silty clay, dark-brown to black. 5 8
8ilt, clayey, light grayish-brown topink_.__._________ _________ 2 10
i1t, sandy, gravelly in lower part, light-gray to brownish-yellow. 2.5 12.5
Sand, fine, to coarse gravel, light pinkish-gray to brown; contains a few pebbles. 16 28.5
Clay, and; 4 light-gray t0 green .. - . e .6 29
Sand, fine, to coarse gravel, light pinkish-brown to gray; contains a few pebbles and
is finer textured in lower part. . oo 61 90
Clay, silty. to clayey silt, light brownish-tan [ 95
8ilt, sandy, to fine silty sand light brownish-tan, greenish-gray to yellow in lower pa~t.| 11 106
Sand fine, to some medium gravel light brownlsh¢gray topmk._______________ ... 30 136
Silt, clayey to sandy, fine, light brownish-tan to pink, r-textured in lower pa~t.{ 11 147
Sand, fine, to some fine gravel, llght brownish-gray topink_ . ____ . ______________.__ 13 160
Sand, fine, to fine gravel, reddish-brown to gray; contains some medium gravel. 13 173
8ilt, clayey, light brownish-tan___ ... ... - 5 178
Sand, fine, to medium gravel, reddish-brown to gray. 4 18 196
Clay, silty, light grayish-tan to pink_______.___.___ 2 198
Sand, fine, to fine gravel, browmsh-red to gray. 2 200
silt, clayey. to fine sand, brown to light-gray. 10 210
Sand, fine to medium, light brownish-gray . . - - oo n 221
Tertiary—Phoeene:
Clay, silty, medium-gray. 4 225
Clay, silty to sandy, fine sand, medium to dark-gray and green._ 5 230
Clay, silty, and some interbedded fine to medium sand, medium-|
gray; contains a few shell fragments. .. s 15.5 245. 5
Silt, clayey, medium-gray to bluish-green; contains a few shell fragments.. . 2.5 248
Sand, fine to medium, light brownish-gray_ _ ... ... _ 2 250
Silt, clayey, to silty clay, medium-gray toblue. ... el 20 270
4-9-1aa
Webster County. Altitude (1), 1,854 ft. Depth to water, 80 ft, November 17, 1947.
Quaternary—Recent and Pleistocene:
Soil: silt, slightly clayey, dark brownish-gray ........................................ 0.6 0.5
Silt, claye medium brownish 2 2.5
8ilt, slight y clayey, buff-gray; conta.ins a few calcareous nodules and limonitic fleci~.; 14.5 17
Soil: silt, slightly clayey, medium reddish-brown. ... ____ ... 3 20
8ilt, slightly clayey, tannish-gray with a slight pink tint 2 22
Silt, clayey, tannish-gray with a red tint 3.5 25. 6
Sllt, clayey, in part slightly clayey, light tannish-gray with a buff tint; ligh
with a tan tint and contains a few limonitic flecks below 38ft_.______._____________ 14.5 40
8ilt, slightly to moderately calcareous, very light tannish-gray; contains a few rootle‘s
and calcareous nodules; some very fine sandy silt below 65 ft ... ... _____._.._. 30 70
8ilt, to sandy silt, very fine sand, shghtly calcareouw to moderately to very calcareots
below 86.5 it, tannish-gray WAtH BUSE GO - _ - oo e e 20 90
8ilt, sandy, very fine sand, very calcareous, Heht-gray. oo 3 93
Sand, fine to coarse, silty, browmsh tan; contains a trace of fine gravel below 100 f* .. 10 103
Tertiary—Pliocene:
8ilt, slightly to moderately calcareous, brownish tan-gray; contains many calcareor's
ragments and rootlets . _ . iceccmcemnne 12 115
Sllt, slightly calcareous, intermittent calcareous zones, tanm@»gray with a slight rerl 5 130
Marl light-gra 1 131
silt, slightly clayey, slightly to moderately calcareous, thin calecareous zones, non
calcareous below 150 ft, light brownish-gray; light reddish-brown below 145 ft 20 151
8ilt, very slightly calcareous, buff-brown ... __ ... 5 160
81.lt, slightly clayey, slightly calcareous, brownish-buff with a gray tint.. 8 168
Marl, Bghtegray. o o e 1 169
silt, clayey, slightly to moderately calcareous, brownish-gray with a tan tint__ 1 176
arl, white to e 2 NSO 2 178
Silt, c]ayey, shghtly to moderately calcareous, brownish-gray with a tan tint._ . 4.5 182, 5
Gravel, principally chalk grains. - ... . e 6 187.5
Orel;aceous—Upper Cretaceous—Niobrara formation:
Chalk, shaly, yellow and white... . ..o oo mmam 4,6 192
Shale, cha.lky, medium and dark-gray . - .- eemem o 8 200
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (feet)
(fee*)
5-4-30bb
Fillmore County, Altitude (a), 1,663 ft. Depth to water, 52.7 ft, October 2, 1946.
Quaternary—Recent and Pleistocene:
Soil: silt, clayey, dark-brown._._ 1.5 1.5
Clay, sﬂty, ark brownish-gray. 1 2.5
8ilt, clayey, light brownish-buff_ 10 12.5
Sﬂt cla ey, soillike, dark-brown._ _ 2.5 15
Clay, ilty, dark-gray to brown 2 17
8ilt, sandy, medinm to light-gray. 3 20
Sﬂt. sandy to clayey, fine sand, 5 25
Sand, fine to coarse, iight-gray-. 3 28
Sand medium, to coarse gravel, 87 115
Sand fine, to gravel, ligh browmsh-gra to pink 55 170
Sand medium, to fine and some medm.m gravel brownish-gra; 155 185.5
Clay, sandy, llght brownish-gray. .. ... e 2 187.5
Sand, medium, to fine and some medium gravel, red-brown to gray._._. 85 196
Clay, sandy, and silt, light-brown to gray; contains some white calcareo 2.5 199.5
Sand, very fine to coarse, light brownish-gray; contains some fine gravel in the 2 2925
7.5 230
Sand, fine, to fine gravel light brownish- gmy to pmk_ 2.5 242,58
sitt, sandy, light-gray ... 1.5 244
Sand, fine to coarse, some silt seams, llght-gray.. 85 252.5
Silt, sand medium grayish-tan 105
Sand, fine fo coarse, light-gray.._ ... ... .| 1L5 274.5
Tertiary ~_Pliocene:
Sllt light-brown to gray...._.... 1.5 276
Clay, silty, medlum-gtay to blue. . 4.5 280.5
Clay, silty, moderately calcareous, 195 300
Clay, moderately calcareous, dark-gra; 20 320
Clay, silty, gray; contains a few she].l 45 365
Clay, silty, dark-gray to brown 1 16 370
Clay, silty, light brownish-gray; contains a few reworked chal ale 12.5 382. 5
t and, fine, to medium gravel, principally reworked chalk fragments and shells; brown .5 300
0 BB o e e Am————————mm—————————— .
Cretaceous—Upper Cretaceous—Graneros shale:
Shale, very calcareous, dark-gray to blue; contains some bentonite. 1 391
Shale, black to brown, contains many shell fragments and has a strong petroliferous
odor..___.__..__... | 19 410
5-5~1dd
Clay County. Altitude (a), 1,608 ft. Depth to water unknown.
Quaternary—Recent and Pleistocene:
Soil: Clay, silty, dark-brown 1.5 L5
Silt, clayey, medium brow
below 2.5ft.___... 45 16
Soil: silt, clayey, dar! 2.5 18.5
Clay, silty, i reddish-brown -
brown to red below 24 ft__ 9.5 28
8ilt, sandy to clayey, medium 2 30
Sﬂt clayey, light-brown to gra; 2 32
Clay, ty, to clayey silt, hght brown to
biack carbonaceous streaks from 36 to 40 ft. 10 42
8ilt, clayey, slightly calcareous, pinkish-bro
eretions. . 3 45
Silt, clayey to sandy, fine sand, some white silt, ight-gray to green 3 48
Sllt sandy, to fine sand, sandler in lower part light greenish-gra;
yellow streaks. . _____________.__________ 5, &3
Sand, fine, to some fine gravel, brownish-gray to p 2 56
Sand medium, to fine and some medium to coarse gra (] 61
siit, clayey to sandy, fine sand, medium light- gray an
pinkish-tan below 64 ft 9 70
8ilt, sandy. to silty sand, light gray| rov 45 74.5
Sand to fine and some medmm gravel, “co
pobbles below 110 ft, Hight brownish-gray t0 pink .. 855 160
Sand, fine, to medium gravel, principally sand from
pmk green tint below 220 f%. . . .. ... ... 70 230
Sand, fine, to some fine gravel, light brownish-gray to 16 246
Clayl:tsuty, slightly caleareous, pinkish- to gray; h-tan medium bluish-gray in lower 4 250
Eﬁﬂ:ii clayey, slightly calcareous, medium bluish-gray; contains a pelecypod shell._._.| 14 264
Sut sandy, to fine sand, medium-gray; contains a few shell fragments in lower part 19 283
Sa&nd gni{e, to fine gravel silt layers from 288 to 201 ft and 294.5 to 296 ft, greenish-gray 6.5 290.5
0 PINK . e e mcceseccceasmammameecmammemeamne—cecnnomemmoa—ae . A
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (fest)
(feet)
6-5~1dd—Continued
Tertiary—Pliocene:
Clay, silty, modemtely calcareous, medium-gray; dark-gray below 315 ft.__.co.o.... 2L.5 321
Sand, gravel, and shale fragments, dark-gray to light brownish-gray....ceeoeocoo_.- 2 323
Omtaoeous—Upg.: Cretaceous~0arlile shale:
Clay, silty, dark-gray........._......_. 6.51 320.5
Clay, shale, moderabely calcareous, yellow. 10.5 340

*5-5-5ad

Olay County. Owner, George Plautz. Driller, Don Barney. Altitude (a), 1,736 fi.
v ’ 90.6 ft, Beptember 9, 1954. *

Depth to water,

Quaternary—Recent and Pleistocene:
Topsoil 1.5 1.5
Clay, yellow. 225 2
Clay, san 16 40
Clay, gray-... 27 67
8and, S0me gravel. .. o ecc s cmm e ccemmanee—ae————————— 6 3
[0 s SIS 5 82
8and and gravel - 11 93
Clay... 2 95
8and and gravel. ... . coceeeececrecenecmcena e —— 16 111
Sand and a little eravel.. e 4 115
8and and gravel. . oo am e mm———————————— 43 158
Qravel. .. e ccama e 0 158

*5-5-11ba
Clay County. Owner, Dale Friedline, Driller, Don Barney. Altitude (), 1,899ft.  Depth to water,
77.8 ft, June 24, 1954
uatel —Recent and Pleistocene:

Qunigrnact 12| =
Clay, yellow and brown. 35 37
Clay, SANAY - . . oo o e ceeem e e e memm e n 12 49
8and and clay, dirty. 6 55
8and and some gravel. ..o oo iccamaaen 10 65
Clay, white_ .. 12 kit
Sand and some gravel. . 13 90
8and and gravel._.._.._. 28 118
Band. . .o e . 3 121
Sand and gravel 37 158

*5-5-33db

Olay County. Owner, Emil Hartnett. Driller, Don Barney. Depth to water, 34.1 . September 8, 1054,

Qns —Recent and Pleistocene:
‘Topsof

Sand and rice gravel
8and and gravel

8and and a little wheat gravel
Finesand.._ ... ...
Sugar sand, trace of gravel __.__________________

8and and a little wheat gravel - -

S on

BRenh8BBE~
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TaBLE 9.—Logs of iest holes and wells—Continued

Thick- | Depth
(feet)

ness
(feet)
*5-6—4ac
Clay County. Owner, Edgar Organ. Driller, Don Barney. Depth to water, 76 ft, Augu=t 20, 1954.
Quaternary—Recent and Pleistocene:
T il 2 2
19 18
7 25
29 54
11 65
6 1
61 131
3 134
6 140
1¢ 158
0 158
*5-6-4ba
Clay County. Owner, Glen Peterson. Driller, John Alfs. Altitude (a), 1,753 ft. Depth t¢ water, 81 ft,
August 20, 1954.
Quaternary—Recent and Pleistocene:
o R 3 3
Clay. e a7 40
13 53
and. . ._..._______ 9 2
Clay and gravel. 4 66
Sand and gravel. 42 108
Trace of clay .. 1 109
Gravel..__..__ 9 118
Gravel and clay_ 5 123
ine sand_ ... 4 127
S8and and gravel_ 12 139
8and, good. . 8 147
______ 19 163
2 165
8 173

*5-6-Taa

Clay County. Owner, Kenneth Westering. Driller, Don Barney. Altitude (a), 1,759ft. Depth to water,
75.4 ft, August 20, 1954.

Quaternary—Recent and Pleistocene:

To 15 15
Clay, yellow and brown. 8.5 53
Sond, el 15 %
and, some gravel.
Sand, 79
Sand and grave a3 112
Clay, sandy 1° 130
and and some gravel. [ 136
Sand and gravel 1 155
S8and and some gravel 3 158

*5-6-16db

Clay County. Owner, Mrs. Guy Green. Driller, Don Barney. Altitude (a), 1,741 ft. Derth to water,
76.1 {t, August 20, 1954.

Quaternary—Recent and Pleistocene:
Topsoil

................ - - e 2 2
Clay, FelOW . oo e t——— e mmnnn 24 28
Sand, fine, dirty, and clay. 7 35
(931 1” 54
Sand, some clay. 17 64
e R
San andgravel____ . ...
Sand..__ 2 83
Sand and gravel._.._._____._._______ 3% 118
Sand, some gravel. .. __________.. - [ 42 160

467829—59——17
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TasLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (feet)
(feet)

5~6-19bb

Clay County. Altitude (a), 1,750 ft. Depth to water, 71.0 ft, August 1, 1949.

Quaternary—Recent and Plelst,ooene
Soil and road Al1: silt, clayey, dark brownish-gray; slightly lighter color and sligl tly
aleareous below 2.5 6. ..o
Soil: clay, silty, medium-brown to gray_ ___________ o eo.
Claye silty, medium-gray with brown tint; less clayey and light brownish-gray be'ow

Siit, sllghcly clayey, ‘contains a few limonitic ﬂecks, buﬂ‘-gray, shghtly lighter in
eolor below 1286 .. . .. T T
Silt, very slightly clayey light bufi-gray; contains many limonitic flecks_. __._____.
Silt slightly clayey to very slightly sandy, brownish-tan; contains many angvlar
dark-brown iron-clay fragments._._ ___ . _____ . ... _____..
Silt, nh;o:lerately clayey, light-gray; contains a few embedded very fine to fine sand

gra
Silt, moderately clayey to very shghtly sandy, fine to coarse sand, sandier below 30 fb
tanmﬁh-gny with a pink tin
Sand, fine to very coarse, scattered gravel grains, tannish-gray
Sand, fine, to medium gravel brownish-gray to pink
Silt, shzhtly clayey, llght-g'ray
Swnd fine to very coarse, silty, dark-gray to very light brownish-gray
Scmd fine, to medium gravel, brown to tannish-gray to pink, some iron stain________
Silt, ?‘1ghtly clayey to sandy, fine to medium sand, light brownish-tan with & gray
721 2

Sand, fine, to fine gravel, silty, some interbedded sandy silt layers, brownish-gra
Sand fine, to medium gravel brownish-gray to pink__.__
Silt, clayey to very sandy, light-gray to brownish-tan__._
Sa.ud fine to coarse, slightly finer below 150 ft, light brown
Sand fine to very coarse, silty, trace of fine gravel light-gray w1th a

Tertmry—Phoeene
Silt, iandy. very fine to fine sand, slightly calcareous, light brownish-tan with a gray

Sand, medium, slightly silty, slightly caleareous, light brownish-gray.._.

silt, sandy to s]lghtly clayey, slightly caleareous, light brownish-tan; con
caleareous nodales. __ .- ___ _____ o .

Silt, slightly to moderately calcareous, light-gray with a slightly brown tint; contains
some siltstone layers below 190 ft

Silt, moderately caleareous, light-gray with a brown tint______

Sﬂt moderately calcareous, éht brownish-gray, slightly darker below 210 ft.

Cretaceous——Upper Cretaceous—Carlile shale:
Clay, slightly calcareous, light-gray to light brownish—gray; contains thin ironstone

PBAWRDP & @ ;e
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*5-6-22da

Clay County. Owner, Willard 8. Avery. Driller, Don Barney. Altitude (a), 1,72° ft.
73.7 ft, August 19, 1954.

Depth to water,

Quaternary—Recent and Pleistocene:
Topsoll e
Clay, yellow to brown

lay
Sand and a llttle gravel.___
%and and gravel.______ ..
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TaBLE 9.—Logs of test holes and wells—Continued

Thick-{ Depth
ness | (fest)
(feet)

*5-6-23ch

Clay County. Owner, Leland Hawley. Driller, Wendell Shuck. Altitude (a), 1,726 ft. Depth te
water, 77 ft, August 19, 1954,

Qua —Recent and Pleistocene:
Topsoil...... - 2 2
Clay, yellow. .o 16 18
lay, yellow, and gumbe, mixed. . _ g 4275
Sand and gravel._____________ ... 20 74
Gravel, coarse._ 13 87
Sand and gravel. . 23 110
GraVel . e e 30 140
Clay and fine sand - - o oo e s e amm—— 29 169
Sand and gravel. .. e —mmm e e - - -

*5-6-28db

Clay County. Owner, Floyd Kollman. Driller, Don Barney. Altitude (a), 1,738 ft. Depth to water,
78.5 ft, November 16, 1954.

Quate: —Recent and Pleistocene:
'I‘opsoﬂ ..... 2 2
Clay, yellow. e e mmmmammmmm e eem e mmmem——————— 47 49
Sand and gravel, dirty. 31 80
8and and gravel. [, 65 145
Clay, sandy 4 149
Sand 4 153
5 158
....... 5 163
15 178
*5-6-32ce
Clay County. Owner, William Hakanson. Driller, Don Barney. Altitude (a), 1,733 ft. Depth to
water, 75.9 ft, December 1954.
Quaternary—Recent and Pleistocene:
Topsoil..__......... - 3 3
Clay, yellow. 26 29
Clay, sandy-_.. 13 42
Sand, dirty, and clay...... 3 45
Sand and gravel.___ 14 59
S8and, trace of gravel - 3 62
Sand and gravel, good [ 67
S8and and gravel.__._____._.__ —- |1 72
Sand, medium-fine, and gravel. —- 13 85
Sand and gravel e ————— 19 104
Sand, fine, and clay. ... . - 3 107
Sand, fine, and some gravel. . oo 2 109
Clay, white._ ... 16 125
4 129
3 132
6 138
Sand and gravel... ... _._.__ 12 150
Sand, fine, and S0me ClaY ... cccme—cacn—ean - 7 167
Sand, fine, and a little gravel - 1 158

*5-6-32dc

Clay County. Owner, William R. Nichols. Driller, Wendell 8huck. Altitude (a), 1,730 ft. Depth to
water, 73.1 ft, August 19, 1954.

Quatemarﬁ-—Reeent and Pleistocene:

Topsoil.__._.._ 3 3
Clay, YeloW . o e e cm e emmm e e 37 40
Sand and gravel. - - - -{ 65 105
Sand, fine_..._ 5 110
Sand and gravel... 53 163

467829—59——8
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (feet)
(feet)

*5-7-4cd

Clay County. Owner, Ed Schliep. Driller, John Alfs. Altitude (a), 1,793 ft. Devth to water, 89.1 ft,
October 30, 1952.

Quaternary—Recent and Pleistocene:
Topsoil 5 5
) S, 51 56
Sand and gravel. 4 60
Grave 8 68
Sand and gravel 12 80
Clay, sand. .. 5 85
_________ 10 95
Sand and gravel 120
ravel 16 136
Clay.._.._._. 1 137
Sand and grave 40 wi

*5~7-8bb

Clay County. Owner, Carl Brodrick. Driller, John Alfs. Altitude (a), 1,786 ft. D:pth to water, 81I[ft,
October 30, 1952.

Qua&gmar_y—Reeent and Pleistocene:

e $
DO NORNDW
">
53

S
g

*5-7-17cb

Driller, Don Barney. Altitude (a), 1,788 ft. Depth to water,
84.4 ft, August 13, 1954,

2 2
51 53
12 65
25 90
4 94
4 98
7 105
12 117
18 135
[} 141
4 145
6 151
21 172
175
Tertiary—Plocene:
Clay, sandy..._. 3 178
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TaBLE 9.—Logs of test holes and wells—Continued

95

Thick-
ness

(feet)

Depth
(feet)

*5-7-20de

Clay County. Owner, Anton Skalka. Driller, Don Barney. Altitude (t), 1,774 ft.
95.4 ft, October 21, 1952.

Dpth to water,

Quaternary—Recent and Pleistocene:

Cla;
Sand fine, dirty, some clay...
Sand and a little gravel________

Sand, medxum-ﬁne, and gravel___.
Sand fine, some clay,
Sand fine__________.__

Tertiary— Pliocene:
Sand, fine, and sandy clay
Sand fine, very dirty.
Olay- -

*5-7-2lca

Clay County. Owner, Joseph R, Skalka Driller, Don Barney. Altitude (a), 1,773 ft.
80.5 ft, October 21, 1952.

Qua&emarlyl—Reoent and Pleistocene:

*5-7-22db

Clay County. Owner, George J. Harms. Driller, Don Barney. Altitude (a), 1,764 ft. I 3pth to water,

80.3 ft, October 21, 1952,

Topsoil...._. - J

S

e ok

Sand and gravel. .
Sand and some gravel.
Sand and gravel . e ————

Sandand gravel.__._________

Sand, fine, and trace of gravel_
Sand’and trace of gravel_.___

Sand, medium-fine, and rice gravel

wocnaReanoBbalamEE N
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- Depth
ness | (feot)
(feet)
%5-7-24ca
Olay Oounty. Owner Ed O. Schliep, Driller, John Alfs. Altitude (a), 1,759 {t. Depth 1 water, 84.6 ft,
November 17, 1954.

Quatemary—Recent and Pleistocene: 0 0
onay's{ﬁ&"g'r'é%él """ 5 85
Sand and gravel._._.__. 58 113
Clay.eeuaa oo 5 118
Sand and gravel . - 15 128

lay. e ecmeeemmes—m—ae—————————————— e 2 130
Sand and gravel. 16 146

[o) 3 4 150

7 Sand mr}g gravel 40 100

'ertiary—Pliocene:
Olay. . 30 220
Clay and a little fine sand. 10 230
Clay. 10 240
*5-7-28bb

Clay County. Owner, Albert J. S8kalka. Driller, Don Barney. Altitude (1), 1,773 ft. Depth to water,
87.5 fi, October 21, 1952.

Quaternary—Recent and Pleistocene:
Topsoil.._. 1.5 1.5
Clay, yellow. | 415 43
Sand and gravel.. S 19 62
Clay, white, soft. oo e - 3 85
Sand and gravel ... 3 68
Sand, medium-fine, and some gravel. ... 4 72
8and "and rice gravel...._._____. e emmemcemeememem———e—meememmmeem——mman e 3 75
Band and gravel - 7 82
Clay.cooooo. 3 85
Sand and gravel - 9 94
...... 11 105
Sand and clay. 7 112
Sand, medium-fine, and some gravel 8 120
Sand'and wheat gravel.._._____...__ 9 129
Sand and trace of wheat gravel - 16 145
Clay, sandy, and quicksand.__ - 5 150
Sand, fine...__....________ 7 157
Sand, fine, and rice and wheat gravel. 17 174
Olay and fine sand, and sand, dirty 4 178
*5-7-28ce
Clay County. No well constructed. Owner, A.lbca(r)t;f tsliglsl;a. Driller, Don Barney. Lepth to water,
: 5
Quatemary—Recent and Pleistocene:
‘Topsoil 2 2
Clay, yellow 27 29
Clay, SANAY - - oo e e cm e me s cemmmmacmemeemm e e eeame—cm———————— 5 34
Sand and sandy clay - [ 40
Clay, sandy.__ 4 4
8and and gravel.. 39 83
Sand and rice gravel. 14 07
Clay, sticky, yellow. ———— 12 109
Clay, sandy._.. - 4 113
Sand and rice gravel. .- 5 118
Sand and gravel ..o - 6 124
Clay, sandY - - - ce e e e e e - 6 130
Sand, very fine - 7 137
Sand, fine..__. 6 143
8and and some wheat gravel - 16 159
Sand and gravel 3 162
Clay. 16 178
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TaBLE 9.—Logs of lest holes and wells—Continued

Thick- | Depth
ness | (feet)
(feet)

*5-7-29ad

Clay County. Owner, Leo 8ykora. Driller, Don Barney. Altitude (a), 1,773 ft. Depth to water,
92.7 ft, October 21, 1952,

Quaternary—Recent and Pleistocene:
Topsoil..

- 15 5
Clay, yellow. 15.5 17
Clay, dark-brown 3 20
Olay, light-brown 7 27
Clay, sandy. 12 39
Sand and gravel 22 61
Gravel. . 6 67
Sand and gravel. 18 85
Sand, medium-fine 2 87
Sand, fine, and gravel. 7 94
Olay, sandy. ... 5 99
Sand, fine, and clay, dirty. (] 105
Olay, slightly sandy, gray. 15 120
Sand, gravel, and clay balls. __ 10 130
Sand, fine, and a trace of gravel 5 135
Sand, fine, and some rice gravel. . 1 136
Sand, very fine, and some clay balls 3 139
8and, fine, and some gravel 3 142
Clay... 6 148
8and, rice gravel, and clay balls, 4 152
Sand, gravel, and clay b 3 165
Sand ai’xg gravel 13 168
Tertiary—Pliocene:
Clay. 22 190

*5-8-1bb

Olay County. Owner, Ralph Kissinger. Driller, Don Barney. Altitude (t), 1,810 ft. Depth to water,
91.8 ft, October 28, 19564,

Quaternary—Recent and Pleistocene:

Topsoil..__ 2 2
Clay, yellow. 47 49
(01757 2% T |- SISO 4 63
Sand and clay. 2 66
Sand, some gravel and clay 10 65
Sand, some gravel 12 ked
Olay, sandy__...__. —— 6 83
Sand, medium-fine, and gravel. 15 98
Sand and gravel 22 120
Clay, sandy.. 8 128
Sand, fine, and some gravel. 3 131
Sand and a little gravel 14 1456
Clay, sandy......_. 4 149
Sand and gravel . 9 158
Sand..__._._. 7 165
Sand and gravel 4 169
Sand, medium-fine_________ 6 175
Sand, medium-fine, and gravel 9 184
Sand, fine, and a little gravel 5 189
8and, fine. 9 198




98  GEOLOGY AND GROUND WATER, CLAY COUNTY, NEBR.

TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth

ness | (feet)
(feet)
*5-8-1dc
Clay County. Owner, Peter F. Muzik. Drl]ler Don Bamey. Altitude (a), 1,810 ff. Depth to water,
August 12, 19
Q,ua’trem —Recent and Pleistocene: 1 1
33 34
5 39
17 56
4 60
18 78
5 83
3 86
28 114
7 121
Sand and a little gravel 4 125
8and and gmvel ........... 13 138
Clay, sandy. 4 142
Sand._..__ 6 148
8and and gravel . 7 155
Sand, like sugar. 9 164
gand'and wheat gravel.. 8 172
Sand, like sugar........... 3 175
Sand and gravel - 3 178

*5-8-2an

Clay County. Owners, Ward and Herbert Fitzke. Driller, Don Barney. Altitude (a), 1,820 ft. Depth
to water, 94 ft, October 30, 1952.

Q,ua&e‘*.mary—Recent and Pleistocene: 2 2

opsotl. ... ...
Clay, yellow, and clay, brown. 50 52
8and and gravel 2§ gg
8and and gravel - 3 118
Clay...oo...... 9 127
Sand and gravel .o 16 143
Clay, sandy.. R 4 147
Sand and gravel. oo icaans 31 178

*5-8-3bb

Tlay County. Owner, Ida Onken, Driller, Don Barney. Altitude (a), 1,825 ft. Depth to water, 96.7 ft,
October 21, 1952.

Quaternary—Recent and Pleistocene:

'opsotl. 2 2
Clay, yellow._ 17 19
Clay, brown._.. 6 25
Clay, sandy 27 52
Sand, gravel and elay_._.........__ 40 92
Sand, medium-fine, and some gravel._.__. 3 95
Sand 'and rice gravel 6 101
Sand and gravel 38 139
Sand and rice gravel .. L aae - 6 145
Sand, medium-fine, gravel and elay balls. . e 8 153
Sxmd gravel,and afew clay balls. ... . . ... ... - 2 155
Sand and gravel, good....._ - - 3 158
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Thick- | Depth
ness | (feet)
(feet)
5-8-6bb
Clay County. Altitude (i), 1,829 ft. Depth to water, 83.6 ft, November 19, 1947,
Quaternary—Recent and Pleistocene:
Soil: silt, very slightl, clayey, very dark brownish-gray . e ove oo occccaecaimcmaaean 1 1
gilt, shght]y clayey, brownish buff-gray.____________ 1 2
xlt, clayey, bufi-gray with a slight brown tint 1.5 3.5
8ilt, slightly clayey, less clayey below 10 ft, buff-gray with slight yellowish tint;
taIns & foW CAICATOOUS NOAUIES . - o +oooomooooomee oo 14.5 18
Soil: silt, very slightly clayey, dark reddish-brown. 3 21
Soil: silt, clayey, medium brownish-gray...___.. 2 23
silt, clayey, tannish-gray witha pink tint_._._____.________._. 4 27
Sllt in part slightly clayey, calcareous below 29.5 ft, brownish t; 3 30
silt, slii;ghtly clayey to slightly sandy, light tanmsh-gray, contalns calcareous 3 33
Sllt, clayey, very calcareous, light-gray. 3 36
Clay, slightly to moderately caleareous, light greenish-gray; contains very calcareous
mottling in the upper Parb. .. e 5.5 41.5
8ilt, clayey, medium-gray; contains sand below 42.5 it 1.5 43
Sand and gravel, texture grades from sand to medium gravel with some coarse gravel
and pebbles, slightly coarser texture below 50 ft, brownish-gray to pink with a slight | -
yellowish tint; contains some soft greenish-gray clayey silt from 50 to 55€t_ ... 20 63
Silt, sandy, hght brownish-tan with a grayish tint___________ ... . __ 3 66
8ilt, sandy to very slightly clayey to very sandy in lower part, grayish-gree 3 69
Sand and gravel, light brownish-gray to pink; texture grades from sand to medium
gravel with some coarse gravel inlower part._.. .. _____ . .. ... 24.5 93.5
8ilt, in part slightly clayey, limonitic-stained m upper part, light brownish-tan; con-
tains a white calcareous zone from 97 to 97.5 fi 5.6 99
8ilt, sandy, brownish-tan togeay. ... ... .. 9 108
Sand and gravel, brownish-gray to pink; texture grades from sand to medium gravel
with some coarse gravel . . oo 14 122
8ilt, very slightly clayey to sandy below 125 ft, brownish-tan with a grayish tint___. 8 130
Sand and gravel, brownish-gray to pink, grades trom sand to coarse gravel, principally
sand below 230 {t; contains a light greenish-gray silty layer from 170 to 371 £t __.___ 112.6 242,56
Tertiary—Pliocene:
8ilt, medium-gray; light gray to medium gray below 248 £t . __ ... e 12.5 255
8ilt, slightly calcareous, brownish-gray 5.5 260. 5
ﬂt, granular, medium brownish-gray; contains a thin hard calcareous layer at 263 ft. 2.5 263
8ilt, m part very slightly clayey, slightly calcareous, light brownish-gray, with a slight
tan tint below 275 1t; contains a few calcareous fragments from 285 t0 200 ft...______ 47.5 310.5
Sand and gravel, browmsh-gray contains many chalk fragments. ... ___.__ 11 32L.5
Cretaceous—Upper Cretaceous—Niobrara formation:
Shale, chalky, light-gray to medium-gray, dark-gray below 325 ft; contains a hard
zome 8t 321,65 b e - 8.5 330
5-8-19bb
Clay County. Altitude (i), 1,772 ft. Depth to water, 44.4 ft, November 17, 1047,
Quaternary—Recent and Pleistocene:
Soil: silt, very slightly clayey, dark brown, nearly black. ... . ... ... 0.7 0.7
Soll: silt, slightly clayey, medium bmwmsh-gray .8 1.5
Silt, slightly clayey, llght brown to buff-gray. . .o .5 2
8ilt, in part slighfly clayey, very slightly calcareous, buff-gray with slight brown
tint; contains some embedded gravel_____________ ... 16 18
Soil: si.lt very slightly clayey to very slightly sandy, medium-brown with a gray tint. 55 24.5
Sand and gravel, slightly coarser texture with depth, brownish-gray to pink; contains
some dark iron staining and many pebbles below 50 ft 45.5 70
Sand to medium gravel with trace of coarse gravel, brownish-gray to pink. | 17.5 87.5
Tertiary—Pliocene:
8ilt, slightly clayey, moderately to very calcareous, brownish-tan with a gray tmt,
contains reworked chalk fragments below 92.5 it . 55 93
gilt, slightly clayey to sandy, slightly to moderately calcareous,
containg very fine to fine sand _ - ... ... 97
Oretaceous— Upper Cretaceous—Niobrara formation:
Chalk to limestone, soft, light-yellow to light yellowish-white below 100 ft; contains a
hard limonite zone at 104.5 ft - 8 105
Chalk, soft, yellowish-white. 5 110
No sample, drilled like ehalk. . . il 5 115
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TAaBLE 9.—Logs of test holes and wells—Continued

Thick-
ness
(feet)

Depth
(feet)

6-4-6cc
Fillmore County. Altitude (3), 1,706 ft. Depth to water unkncwn,

Quaternary—Recent and Pleistocene:
Soil: silt, clayey, to silty clay, dark-brown_..._..._._ —— -
Clay, sﬂty, medium-brown with grayish tint_____._____ . ...
8ilt, clayey, medium brownish-buff to gray; contains a few calcareous concretionr and
limonitic streaks e eecccemeees
8ilt, clayey, light grayish-huff; contains a few limonitie nodules_...._.__.__._.
8ilt, clayey, soillike, dark-brown_ ... __. ...
Silt clayey to sandy, light red-brown; contains fine sand .
Si.lt. sandy, light-gray to brown; contains fine sand..___.__.._.
S8and and gravel, grading from fine sand to fine grave!
Sand and 1ii:;gvel grading from medium sand to me
gravel, pinkish-brown to gray
8ilt, clayey, light-brown to white
below 70 ft

Oretaoeous-—Upper Cretaceous—Niobrars formation:
Chalk and shale, chalky, white to light-yellow
Shale, chalky, light-ye OW e eee oo e -

k, medium to bright yellow . .. . e eee

Bhale, chalky, light-yellow to white; contains some limonitic stain in the lower part.._
Oretaoeous—Up&);sr retaceous—Carlile Shale:
Clay shale, dark-gray toblack___._________ -

-
bl
o>

B8

poRE & o S

[) — - —-
S Cren On crorcr o

-
~N

6-5-24dd
Clay County. Altitude (a), 1,707 ft. Depth to water, 91.1 ft, Septeml er 27,

1946,

Quaternary—Recent and Pleistocene:
8ilt, clayey, dark brownish-gray.. .. .o -
Clay, silty, dark-gray to brown_.___ ...
8ilt, clayey, light-gray with buff tint; contains some limoniti
Soll: clay, silty, to clayey sﬂt medlum dark-brown_
Clay, silty, medium-light brownish-gray...............

bt
cron

Clay, silty to slightly sandy. l.ight Einklsh -brown to gray.
Clay, silty, medium hghtpgmy w1t pmk tmt, contains some limonitic stain
Clay, silty to fine sand, light- m%-ay to pink; contains some limonitic stain .....
Clay, sandy, ‘glht-gray to p! contains many brown limonitic P
Clay, very sandy, light pinkish-brown-_,_._._.
8and, grading from fine to coarse, light pinkish-gray.
Sand silty, H%ht brownish-gray. - - oo -
Baud ﬁne, light-gray t0 brOWD. - oo e eeceoeee,
Sand and gravel, grading from fine sand to medium gravel, brown to pink; contains
M0Ch HMONIHE ST - - oo oo oo m e
Sand and gravel, grading from medium sand to coarse gravel with some pel bles,
brownish-gray to pink; contains a thin light-gray clayey silt layer below 856 ft ...
8and and gravel, gradmg om medium sand to fine gravel with some medium g-avel
and some fine sand below 93 ft, light brownish-gray to pink_.____ .. ... _..__
Sand and gravel, texture grading from medium sand to coarse gravel, slightly finer
texture with depth, brownish-gray t0 pink..... .o oocccammeoaoo -
8and and gravel, grading from medium sand to fine gravel with some medium grovel,
greenish-gray to pink; containg some dark-green shale fragments in lower part...._.
Tertiary—Pliocene:
8ilt, clayey, gray to light brownish-tan; contains some calcareous concreticnary
material in JOWer PAIt . o oo e
8ilt, clayey, to silty clay, light brownish-tan to brown, contains a white calcareous
20Ne fromm 253 t0 268,5 Tt oo e e e e ——————————— e
8ilt, clayey, to silty clay, light grayish-tan; contains reworked chalk fragments and
some limonitic fragments. ...
Olay, sx]ty, medium light-gray, containg many ‘reworked yellow shale and limonitie

Oretaoeous—-Upper Cretaceous—Carlile shale:

b
[SI=1- T ST T TONTRCY o P

g 8 o
- o>

g

3L5

8.5
15
15

14

Clay shale, dark-gray to black. -

-

o

231.5
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Thick- | Depth
ness | (feet)
(fee*}

*6-5-27ca

Clay County. Owner, Clem Gowen. Driller, John Alfs. Altitude (a), 1,731 ft. Depth to water, 93.8
ft, October 22, 1954,

Quaternary—Recent and Pleistocene:
Topsoil

3
43 51
17 68
4 72
2 74
25 99
10 109
] 114
12 126
3 120
and. 13 142
Sand and gravel.___ — -] 25 167

*6-6-5bb

Clay County. Owner, Arnold L. Livgren. Driller, Don Barney. Altitude (a), 1,768ft. Dep*h to water,
66 ft, October 27, 1954.

Quaternary—Recent and Pleistocene:

Topsoil.. .. e e et e e e emmm 2 2
ClaY, FeOW oo e e 25 27
Sand, dirty, and some clay . .o 10 37
Sand'and some gravel 21 58
16 74

31 106

14 119

8 127

19 146

2 148

12 160

14 174

Cretaeeous—Upper Cretaceous—Niobrara formation:

Lime rock, white__.... - - 4 178

*6-6-6db

Clay County. Owner, Carl Dahlsten. Driller, Don Bamey Altitude (a), 1,768 ft. Depth to water,
64.4 ft, October 27, 1954.

Q um.y—PﬂM“' and Pleist
Topsoil 2 2
Hardpan and clay, yellow. - 23 25
Sand and clay, blue. - 14 39
8and. e 15 54
Sand and gravel, dry. - 5 59
Clay, Very SanAY o e - 9 68
Sand, fine, and some BTAVel e e ———————— 11 79
S8and ‘and gravel 24 103
Clay, bIte. o o oo e . .- 12 115
8and, rice and wheat gravel, blue..._. . e em 63 178
Cretaeeous———Upper Cretaceous—Nlobrara formation:
Lime rock and silt - -] 18 194

*6-6-Ted

Clay County, Owner, Agnes Williamson. Driller, Don Barney. Altitude (a), 1,771 ft. Depth to water,
73.21t, October 27, 1954,

Quatemary—Reeent and Pleistocene:
) ¢T3 | S 2 2
Clay yellow.--.--._ .......... 38 40
fand. drty, and o =l 2| &
and and gravel, ey oo - -

Clay..... e ———————— e 14 79
Sand and gravel. - . - 63 132

Y m e e e m e mmmmmmmema 4 136
S8and and wheat gravel. - - 9 145
Sand and gravel___ - - 11 156
Sand and some wheat gravel - -l 22 178
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Thick-
ness
(feet)

Depth
(feet)

*6—6-9bd

Clay County. Owner, T. R. Nelson. Driller, Don Barney. Altitude (a), 1,773 ft. Devpth to water, 82.4 ft,

Qctober 27, 1054

Quaternary—Recent and Pleistocene:
Topsoil ....................... 2 2
Clay, ye 19 21
Sand, ﬂne, dirty, and some clay. . 23 44
[0)7:% SR 6 50
Sand, 19 69
Sand’ and some gravel.. 10 79
(0150 S 7 86
Sand..__._.__..__.. 5 91
Sand and some gravel.. 13 104
Sand and gravel.._ 16 120
Clay, blue.__._.. 12 132
Sand, fine, blue... 136
Sand and gravel. 29 165
Sand, blue. 13 178
6-6-18bb
Clay County. Altitude (a), 1,792 ft. Depth to water, 89.4 ft, August 5, 1949.
Quatemarﬁ—Recent and Pleistocene:
Soil: silt, very dark brownish-gray . .o ciccmcieceaee 1 1
Boﬂ' silt, slightly clayey, moderately clayey and granular below 2 ft, medium brovwn- 3 .
Silt, simhtly clayey, buff-gray with a brown tint. 1 5
Sitt, moderately to slightly clayey, buff-gray_.... 3 8
Silt, i];ghtly calcareous, buff-gray with slight yel]ow tint; 7 5
Sﬂt, fine to coarse, slightly coarser texture below 17.5 ft, light buff-gray._ [] 21
Silt, slightly sandy with very fine to fine sand, light tanmsh-gray 1.5 22.5
Soil: silt, moderately sandy with very fine to fine sand, brown to tan with agray tirt 3 25.5
8ilt, moderately clayey to slightly sandy, light- brown to tan with a graytint_________ 1.5 27
Sand, silty, to silt, very sandy with very fine to medium sand, light tannish-gray - 4.5 315
8ilt, shghtly clayey to moderately sandy, tannish-gray. ... ... 6 37.5
Sﬂt, very sandy with fine to medium sand, some coarse sand, tannish-gray 3.5 41
8ilt, clayey to moderately sandy with very fine to medium sand, light-gray
brown tint.__ . . 4 45
8ilt, moderately to very sandy, tannish-gray. 5 50
Saud, fine to coarse, silty, tannish to brownish-gray. 13.5 63.5
Sand, fine to coarse with some very coarse and trace of fine gravel, brownish-gray,
hghter b oW 70 £t e e e e 1.5 75
Sand and gravel, grading from fine sand to fine gravel with some medium gravel,
coarse to very coarse sand below 80 ft, Hght brownish-gray. ... ... 8.5 83.5
Sand, very fine to medlum to very coarse below 90 ft, silty, light-gray; contains sone
limonitic staining at top_ e 12 95.6
Silt, sand and gravel gradmg from medium sand to fine gravel, interbedded, light-gray
to light tannish-gray_.___..__..___. - 3 08.5
Sand, fine, and some fine gravel, brownish-gray......-....._._. 6.5 105
Sand ﬁne, to medium gravel, brown.ish-gray with pink grains._ 32 137
and fine to coarse, light browmsh-g'ra ............................................. 10 147
Silt, slightly clayey to sandy, light brownish-gray; contains calcareous spots aud
nodnles below 148.5 ff 4 151
and, fine, to fine grﬂ.veI conrser with depth, brownish-gray.. .. .-............_... 97.5 248.
Tertlary—-Pliocene
Silt, slightly clayey to very fine sandy, slightly to moderately calcareous, light
brownish-tan; contains a few calcareous nodules. - _._..__._______._____ 1L5 260
Sﬂtstone, containing very fine sand, tannish-brown, light-gray with brown tint
below 276 . o iaees | 245 284.5
Sand and gravel, consisting entirely of chalk fragments, yellowish-gray 5.5 290
Sand and gravel chalk fragments, silty, brownish-tan_____________ 10 300
Sand, medium, to fine gravel, consists entirely of chalk fragments.. 7 307
Crel:aceous—Upper Cretaceous—Carlile shale:
Clay shale, slightly pyritic below 315 ft, light-gray t0 medium-gray..--cececcceocucn 14 321
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Thick-

ness
(feet)

Depth
(feet)

*6-6-30cd

Clay County. Owner, Woods Bros. and Ells. Driller, Thieszen Irrigation Co. Altituca (a), 1,790 ft.

Depth to water, 99.6 ft, October 22, 1954.

Quaternary—Recent and Pleistocene:

Topsoil. 52 52
Sand_.___._____ - 14 66
Sand, gravel, an 5 71
Sand and gravel 23 94
Send-_.. 8 102
Gravel .. e 10 112
Sand. 6 118
Gravel . 18 136
L5 S - 12 148
Sand and gravel_._. 4 152
Gravel and sand 224 176
6-6-31bb
Clay County. Altitude (a), 1,779 ft. Depth to water, 86.7 ft, August 4, 1949,
Quatemarﬁ——Reeent and Pleistocene:
Soil: silt, very slightly clayey, moderately clayey from 1 to 2.5 ft, dark brownish-
gray; medium grayish-brown from 2 to 2.6ft..._._.._ 2.5 2.5
8ilt, very clayey, light brownish-gray with a yellow tint. 1 3.5
Silt, moderately clayey, light bi -%ruag .............. . 1 4.5
Silt, very slightly caleareous, light -gray with s slight yellow tint; contains a few
dense limy nodules from 10 to 15 ft - 13.5 18
Soil: silt, moderately clayey to clayey, dark grayish-brown to brown bel
contains embedded very fine {0 medium sand........ - 4.5 22.5
8ilt, moderately clayey to very slightly sandy, very fine to medium san
sandy below 26.5 {t, light-brown with a slightred timé_ . . . _______ 9 3L5
Soil: silt, moderately clayey to slightly sandy, dark grayish-brown; contains very
fineto fine sand _ .. e .2 3.7
Silt, very &:layey, light-brown with a slight red tint; contains embedded very fine to 23 a
SANA - o oo cmmm e mmmeemmm—————
8ilt, very clayey, light-brown; contains embedded very fine to coarse sand........_.. 1 36
Silt, moderately clayey to slightly sandy to moderately sandy from 87 to 41 ft, light-
brown, slightly pink below 41 ft; contains very fine to fine sand with a trace of
medium to coarse sand - . .. me e 7.5 42.5
8ilt, slightly clayey to moderately sandy with very fine to medium sand and a trace
of coarse sand, very sandy below 47 ft, light-brown with a pink tint .. ._____..__... 7.5 60
Sand, silty, with some interbedded sandy silt, very fine to very coarse, predominantly
frosted grains, light-brown with a pink tint; light-brown below 57t .. __._...__ 10 60
Sand, very fine, to fine gravel; principally quartz; rounded, frosted, and polished; 10
rcent gravel from 63.5 to 65 ft; 25 percent gravel from 65 $0 67 ft.u. oo omeaeao 7 67
Clay, very Hght-gray . ez n .5 67.5
San%st)rleng fine to coarse with a trace of very coarse, and fine gravel, principally quartz, 5 .5
PONSHed . o e X
Sand, fine, to fine gravel with some medium gravel; contains much quartz and some
light-colored feldspar; moderately polished; 45 percent gravel, 72.5 to 75 ft; medinm
sand to medium gravel, 60 percent gravel, some dark iron stain from 75to 81 ft___.__ 8.5 81
Silt, moderately clayey to moderately sandy, very light brownish-gray, mottled yel-
Jlow with limonite to very light-gray with a slight green tint below 83 fi; contains
very fine to medium sand with embedded coarser grains.. . oo ... 5.5 86.5
Sand, fine, to fine gravel, 25 percent gravel; principaliy qnartz with a trace of feldspar;
moderately polished; contains some medium gravel and rounded light-gray clay
., granules below 90 fb . - oo oo e e ememne 8 4.5
Sand, fine, to medium gravel, 50 percent gravel; lp cipally quartz and some light-
colored feldspar; moderate iron stain below 115 it 29 123.5
Siit, moderately to verg sandy, light yellow-brown; confains very fine to medium
sand; light-brown and contains white limy nodules below 125 {t; in part moderately
clayey below-130 ft; very sandy below 134 ft. ____ . eao_an 1 135
Sand, very fine to very coarse with a trace of fine gravel, very silty, light brownish- 5 40
L 28 OO
Sand, very fine t¢ very coarse, principally quartz, moderately rounded and frosted,
some polished, slightly silty; no silt and a trace of fine gravel below 1456 _.___ ... 10 150
Sand, fine, to fine gravel, principally quartz with some light-colored feldspar, some
rounded, many frosted and polished grains_..__ aens 6.5 156.5
Sand, fine to coarse, some very coarse, prineipally quartz with some light-colored
feldspar; some rounded, many frosted and polished grains; contains more very coarse
sand below 159 ft; contains a trace of fine gravel from 175 to 180 ft; contains some fine
% m%lfx‘m gravel from 190 to 200 {t; texture grades from fine to very coarse sand be- 8.5 210
W 200 Tt e mmmmem e mmmmm—m——— .
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Thick- | Depth
ness | (feet)
(feet)
6-6-31bb—Continued
Quaternary—Recent and Pleistocene—Continued
Sand, fine, to fine gravel, principally quartz and some light-colored feldspar; con-
tains some medium gravex grading coarser with depth, and increasing feldspar
content below 200 ft_ __ oo 35 245
d, fine to coarse with some very coarse, principally quartz; contains occasional
llght ~brown rounded silt granules below 260 ft and many silt granules below 270 %5 2785
8ilt, very fine, sandy, moderately to slightly calcareous, light brownish- “tan; medium-
Tert: mgr;y below 286 ft; contains occasional limy nodular fragments below 200 6. ... 26.5 300
ocene:
8ilt, slightly caleareous, light medinm—gm ; contains small pelecypod fragments;
} contains a few rootlets be%h V3 contains sma” poecypoc ‘ragmonts: 10 310
8ilt with fine sand, slightly ealeueous, light brownish-gray._ ... ... 16 316
§ilt, slightly consolidated, slightly calarsous, light brownish-gray to sreen 4 320
8ilt, very sandy with very fine sand, slightly to moderately calcareous, light-gray;
contains a shell fragment ..o laiccao. 24 32
Sﬂt.stone, granular, sandy with very fine sand, moderately calcareous, brownish- 6 2%
gﬁ:tld, v%ry ml]t.i: to fine ﬂi['.lo med&um ogl;tyﬁggtl;ﬂy calce:lreous. br(l)ivgvgtifggm RTY 8.5 338.5
, sandy with very fine sand, modera very calcareous, ay; con a8
thin hard limy layer at the top . L5 340
Siltstone, granular, slightly calcareous, medium-gra:; 4 344
silt, slightly c\ayey to sandy, light-gray with a brown tint; contains a very fine san 17.5 36l.5
fine, sﬂt sligh ly calcareous, nght-gray with a brown tint__. 18.5 330
silt, very sandy wit! very fine sand, moderatelf recus, medium-gra 4 384
Sand very fine to medium. slightly silty, slightly calcareous, light-gray 6 390
silt, slightly clayey, very calcareous, medium-gray; light-gray and more calcarec
from 395 t0 400 ft; very light brownish-gray below 400ft. .. ____ 20 410
silt, snndy with very fine sand, moderately calcareous, light brownish-gray; Iight- ‘
gray below 420 6. . e aban 20 430
Sand, very fine to coarse, light greenish-gray, contains many calecareous fragments. ... 8.5 438.5
siit, clayey, very calcareous, medium greeniSh-gray - - oo oo e mean 8.5 445
8ilt, sandy, slightly to moderately caleareous, medinm -gray; contains a trace of car-
bonaceous mabterial . e ccmc e e 9.5 454.5
S8and, medium to very coarse, slightly calcareous, dark-gray with some green grains_.| 1L5 466
Cretaceous— Upper Cretaceous—Carlile shale:
Clay shale, silty, moderately to :gly ealcareous, dark-gray; very calcareous below 475
ft; very silty and contains several thin hard layers below 480 ft_ oo ._..__ 24 490
*6-6-32cb
Clay County., Owner, Carlos Bascom. Driller, Don Bamey Altitude (a), 1,761 ft. Depth to water
75.21t, October 23, 1954.
Qua! —Recent and Pleistocene:
Topsoil e e ————————— 2 2
Clay, yellow. - A4 17 19
«Clay, brown - —— ] 18 35
Clay, yellow. 18 53
Clay, sandy... 5 58
Sand, fine, di 4 62
Sand and gravi 1n 73
Clay, sandy 4 T
Sand and gravel. 42 119
Clay.. 13 132
Sand and some gravel______ 4 138
8and and gravel. o emcc e e e cm e ccmmm—mm e 29 165
Sand and some gravel. cmmemn s nmm—u e ——————————————— 5 170
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Thick- | Depth
ness | (feet)
(feet)
*6-7-1bd
Clay County. Owner, James Styck. Driller, Don Bamey Altitude (a), 1,780 ft. Deptl to water, 81.1
ft, October 27, 1954.
Quatemary-—Reoent and Pleistocene:
il 1.5 1.5
42.5 4
21 65
4 69
10 9
7 86
6 92
Sand and some gravel. .. e cmcmmm e [ 97
Sand and gravel. ..o eecaaas 15 112
Clay, blac 7 119
................... 12 131
........ 2 133
..... ——- 8 139
..... 2 141
-~ 2 161
........................... L[] 187
d good. 25 192
Sand and gravel. 6 198

*6-7-1db

Clay County. Owner, William P, Hertel, Jr. Driller, Don Barney. Altitude (a),
water, 69.8 ft, October 27, 1954.

1,777 ft. Depth to

Quatemary—Reeent and Pleistocene:

Sand and some gravel.

Sand and gravel -
Cla; s

R,
%and and gravel,

lay. .
Sand and wheat gravel

Sand, fine, and
Sand.. ... v

coonBiBorwnbeBw

*6-7-14bel

Olay County. Owner, John Knox, Driller, }g{m 2%1&1 Altitude (t), 1,810 ft. Depth to water, 96.9 ft,
y i

o

Quag:‘rgaty—neeent and Pleistocene:

Clay..
Sand.

Gravel with & trace of clayat 93 ft._.

Sand and gravel, good. ...
San

[ 1) P, ———- -~
Sand, good -

SoamonehwBe

itk et P
oOooNCo

~300008»

HREEsgeangsg.,
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (feet)
(feet)
*6-7-22bb
Clay County. Owner, Warren Wilson. Driller, Wendell Shuck Altitude (a), 1,798 ft. Depth to water,
t, October 27, 19
Qnatemarwaecent and Pleistocene: 3
................................ 3
Clay, ellow - - 42 45
Gravel and clay....._. - ———— - 5 50
ClaY, SANAY - o oo e e 10 60
Gravel..___.._... - - - 3 63
QGravel, good - - 11 74
Clay and gravel c——- —— 11 85
Gravel, good. - e —————— 15 100
8and and gravel ... e 5 1056
. 16 120
......... 8 128
............. 7 136
. [ 140
——— - S 2 142
........ Jq 22 164
*6-7-26¢cc

Clay County. Owner, Roy E. Bquires. Driller, John Alfs54 Altitude (a), 1,790 ft. Depth to water,

86.8 ft, October 22, 19

Quatemary—Reeent and Pleistocene:

Smd and gravel ..o
Clay and fine sand .
g 0 sample, probably fine sand

Sand and gravel .

EaBR

13
15

*6-7-31bb

Clay County. Owner, Carl A. Fitzke. Drl.llet Don Barney. Altitude (a), 1,812 ft. Depth to water,

89.0 1t, August 12, 1954.

Quatemary——Recent and Pleistocene: . L5
Cla; ellow — 52.6 54
e ) es 122
Clay, sandy....-- e mmm e ame e memememae e m———————— 7 120
I Sand and some gravel-.---. N 5 134
I~ Sand and gravel 8 142
Clay, 8andy - o o meecemmmm e .- 3 145
213 17 L USRS PR UPR R SRRSO RSN RIS SRR 4 149
Sand and gravel 9 158
*6-8-Thd
Clay County. Owner, Ray J. Kissinger. Driller, Don Barney. Altitude (a), 1,868 ft. Depth to water,
110.4 ft, October 21, 1952.
femary—~Rwent and Pleistocene:
Topsoil .- - 2 2
Clay, FelloW el 21 23
Clay, brown 12 35
Clay, hard_. - 3 38
Clay, sandy. e memmee e Asmemmms e camm—————— J 32 70
Sand and gravel, dirty, some clay. e am———————— 2 72
Sand and gravel, a little dirty._-_.____ 8 80
Sand and gravel. ... . 2 gg
Sanlcrl dirty, and some clay.._ 5 98
gand'and gravel, a little hard 14 112
Sand and some gravel.________. 1 113
Sand, medium-fine, and gravel_ 1 114
Sand and gravel. o oo e cmcte—em e emeee 31 145
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Th'ck- | Depth
ness | (feet)
(fent)
*6-8-7hd—Continued

Quaternary—Recent and Plelstocene—Continued
Sand and gravel, 8004, . e —enae 1% 158
BaNA . e e—mememmm—— e ae 2 160
Sand and some BTAVe] o o e mmmemmm e ———— 3 163
Clay, SAIAY e cmee e cemm e m—mmmeamemcmmaan 7 170
Sand and riee ETBVE] o e cam——— 8 178

*6-8-8cc

Clay County. Owner, Ray J. Kissinger. Driller, John Alfs. Depth to water, 103.0 ft, October 21, 1952.

ternary— Recent and Pleistocene:

Qua Soil, black e e e e e e 4 4
Olay .................................... 18 22
Clay, black. - o 2 24

lay - 44 68
Gravel.___._.___. - [ 10 8
Clay and sand. . 6 84
Gravel - &0 134
Clay.. - 3 137
Gravel and sand_ | 21 158
Clay..ooo... ] 163
Gravel and sand. e mmmmm e 4 1 174

*6-8-16ch
Clay County. Owner, Henry R, Hinrichs, Driller, Don Barney. Altitude (a), 1,836 {t. Depth to water,
90 ft, October 21, 1952,
Quaternary— Recent and Pleistocene:
DODSOL -« oo e e m e mm e m 3 3
Clay, VoW o o e e e e e cmme e e ;e ————— 52 56
S8and and gmvel, some clay. - -] 18 73
Clay, sandy. . oo cceomcccccacae - 7 80
Sand, some gravel ................................................................... 7 87
Sand 'and gravel - I\ | 128
Clay.cm e “ e e —came. 4 132
Sand and gravel.....__..__. e 9 141
Sand and some gravel - 7 148
Send, sugar. .. ......o.... 4 152
Sand ﬁ.ne, di:ty .............. 8 160
Sand, rice and wheat gravel . 16 175
*6-8-17bb
Olay County. Owner, Willard W, Kissinger. Driller, Don Barney. Altitude (a), 1,846 ft. Depth to
water, 97.8 ft, October 21, 1952.

Quaternary—Recent and P]eistoeene
Topseil L5 1.5
Clay, 19.5 21
Clay, 14 35
Clay, sandy 11 46
Sand to sandy clay..... 19 65
Sand and gravel, d...- 14 79
ClBY o e o 6 85
Sand dirty, some gravel and clay - 4 89
8and "and good gravel . _____._ . ... 6 95
Sand, medium-fine, and gravel. 3 93
Sand and gravel, good._..___.__ 11 109
Sand, medium-fine, and gravel_ 3 112
Sand and good gravel . __.._____ 21 133
Sand, medium-fine, and grayel. 11 144
Sand, good, and rice gravel. 2 146
Sand and gravel with a trace of cla: 12 158




108 GEOLOGY AND GROUND WATER, CLAY COUNTY, NEBR.

TABLE 9.—Logs of lest holes and wells—Continued

Thick- | Depth
ness | (feet)
(feet)

6-8-19be
Clay County. Altitude (1), 1,847 ft. Depth to water, 96.9 ft, November 18, 147,

Quaternary—Recent and Pleistocene:
Soil and road fill: silt, dark brownish-gray ..o
Beil: gilt, in part slightly clayey, very dark brownish-gray.
8itt, clayey medium bmwmsh—gtay with a buff tint
let shghtly clayeg bufl-gray e e
Sl]t, uff-gray wit shght yellow tint, lighter with a few limonitic flecks below 7 ft;
contains a few calcareous nodules. .. .. iccciaoan
Soil: silt, slightly claieg dark reddish-brown.___.____._________.__.__
siit, clayey. brownish tan-gray with a very slight pink tint below 23
8ilt, in part slightly clayey, tan-gray witha pink tint______.________
Silt sandy with very fine to fine sand, tan-gray with pink tint._
Sllt in part slightly clayey, tan-gray
Silt slightly clayey, light-gray with tan tint_.
Clay, silty, slightly to moderstely caleareous, 1 g
tains some very calcareous zones in upper part
8ilt, sandy with very fine to fine sand, pinkish-tan with a slight gray tint .
Sﬂt very sandy, tannigh-gray; contains very fine sand to finegravel ... ... . __.
Sand to medium gravel, brownish- -gray with pink grains_ .
8and, fine to coarse, browniSh-gray . iiiiaioceiiameas
Sand'to medium gravel with silt and clay pebbles, brownish-gray with pink grains_.
Sail;d to tggnarse gravel, light brownishgray with pink and green grains; some yellow
ON SEAIDL e e e e a e
Saﬁnd agaltsomc;tgravel, light brownish-gray; contains a buff-gray sandy silt layer
oI 80 t0 81 Ft - e e
S8and to medium gravel, light browmsh-g'ray with pink and green grains; contains
considerable coarse gravel below 90 ft___ . i cmnian
Sand to fine gravel with some medium gravel, brownish-gray with some pink grains.
8ilt, slightly clayey, light greenish-gray; some yellow staining in upper part; yellow-
ish-brown bplow L o

L~ on
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118.5 f
8ilt, shght]y clayey, becoming s]ight]y sandy with depth, brownish-gray; eonta.ms a
calcareous nodular zone from 120 60 121 £ ... . oooeooo e
S8and to medium gravel, brownish-gray with pink grains
Sand to medium gravel with some coarse gravel, brownishmy with pink grains._
gilt, sandy, in part very sandy, brownish-gray . c oo oo oo 7 149.5
Saxé(ﬁl to medium gravel, brownish-gray to pink; contains a thin light-gray silt layer at

Bo
<
-
>
9
(-}

Sand, very fine to medium, brownish: -%-udve
Silt, sligh ly calecareous and clayey wi pth, light to medium-gray to dar]
San v ﬁlrlle lltso coarse, in part silty, medium-gray; contains many gastropod and pelecy-
pod she
Cretaceous—Upper Cretaceous—Niobrara formation:

-

....................................... 15.5 165
S8and to fine gravel, brownish-gray to pink; contains a light brownish-gray silt to
clayey-silt layer from 169 to 169.5 ft 4.5 169.5
Sand to coarse gravel, brownish-gray to pink_ 50.5 220
8and to medium gravel with some coarse Eravel browmsh-gra.y to p
some calcareous fragments and tan silt pebbles below 265 ft. ..o ... 68 288
Tertiary—Pliocene:
8ilt, in part sandy, slightly to very caleareous, very light brownish-gray. 13 301
8ilt, medium-gray with brown to green tint._. 3 304
Sig, I;l;.ightly yey, slightly to moderately “cal 6 310
Sllt to siltst.one slightly to moderately calcareous brownish ............. 17 327
8ilt, in part shghtly clayey, slightly to moderately caloarcous, tn_ part
below 335 ft, b 22 349
8ilt, slightly caleareous 11 360
t, ght-gray.- _ 3 363
, fine to me 7 370
Bﬁt, light-gray 3 373
Sand, fine to medinm with some coarse, brownisb-gra: 5 378
8ilt, slight.ly to moderately w.lcareous, fmﬁ-gray with yellow tint_..____ g 381
4
9

Limestone, chalky, light-gray with yellow stain. 10 420
Cretaoeous—Upper retaceous—Carlile shale:
lay shale, silty to slightly sandy, dark-gray to black.eaeomoecaaaaoo. [ 10 430
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TasLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (feot)
(fert)

Clay County. Owner, Henry Hinrichs, Jr,

*6-8-26¢cc
Driller, Don Barney. Altitude (a), 1,836 ft. Depth to

water, 108.4 ft, June 25, 1954.

Quaternary—Recent and Pleistocene:

103 0114 1 OO 15 1.5
Olay, yellow. - c_—- 63.5 68
Sand, dirty. e, - 7 75
[ 033 e memmcemma—————— - 4 79
Sand and gravel . cecm—ccc——cmmm e ean 2) 99
Sand and some gravel. .. oo oeeeeas 15 114
Sand and gravel. .. cemmma———— e 27 141
O Y - o o oo e m—ma e e e 7 148

7 1556
b 160
8 168
5 173
5 178

Clay County. Owner, Esther Bienhoff. Driller, John Alfs. Altitude (a),
96.8 t, October 20, 1952.

*6-8-29ba

Quaternary—Recent and Pleistocene:
Ola; 57 87
[ 118
19 137
5 142
Clay. - ——- 4 146
Sand and gravel a0 195

*6-8-30ab
L]
Clay Oounty. Owner, Ira Hunnicutt. Driller, John Alfs. Depth to water, 97.0 ft, Octoher 20, 1952,

Quaternary—Recent and Pleistocene:
Olay. &3 56
Sand and gravel 3 90
31 10 S e mmmmmm e 6 96
Sand and gravel. .. e o - 19 115
................... 17 132
Sa.ud and gravel . .ol -l 13 145
........... - ——- - 6 161
Sand and gravel. e meeee X 176

*6-8-32bb
Olay County. Owner, Irene E. Dahlgren. Driller, Don Barney Altitude (), 1,8321t. Depth to water,
92.6 It, October 20, 1

Quaternary—Recent and Pleistocene:
Topsoil.. el 2 2
Clay, llow - 17 19
Clay, a—- —- 2 21
Olay light-brown ..... 9 30
Lime rock. - — 9 39
[031:5: 201 1T 200U 12 51
Sand and some gravel - 2 53
Sand and gravel o aaeee 2; ';3
Sand fine, and clay.- 4 83
Sand'and some 4.3 R, - - 1 94
Sand and gravel. .. . e ccmec e e ccmme—ma—— e 4 98
Sand, fine_ . oo - e cmmmm e emam—— - 1 99
Sand, medium—ﬁne, and Foa ) S N 4 101
Olay, sandy. 16 119
Sand, glvel, and clay ....... - .-l 18 137
Sand, fine, gravel, E: Y5 B U - 6 143
Sand and gravel. - et e ——— 14 157
Sand, rice and wheat gravel eemememecemmccamcaan 16 173
Sand and gravel. .. oo meccmm e cceiamnem e mmecececmmammcemmm e 5 178

467829—59——9
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TAaBLE 9.—Logs of test holes and wells—Continued

Thick-
ness
(feet)

Depth
(feet)

*6-8-36bc

Clay County. Owner, Joe Peshek. Driller, Don Barney. Depth to water, 94.9 ft, Avgust 12, 1954.

Quaternary—Recent and Pleistocene:

P ODSOL). - e e m—— e e 2 2
Clay, Fel oW oo e eem 16 18
8y, AarK e e e e 8 26
Clay, YelloW o e 27 53
Clay, Very SADAY - e oo e e 4 57
22« L SRR 4 61
Sand and gravel.___ - 8 69
Sand and some gravel... - 6 85
Sand and gravel.._. | 62 147
....... 2 149
......... 5 154
Sand and some rice and wheat gravel e ecmeecmmcemm—mee e .| 16 170
6-9-1dd
Adams County. Altitude (i), 1,832 ft. Depth to water, 69.9 ft, May 24, 1946.
Quaternary—Recent and Pleistocene:
Road ﬂll' Clay, AarK-BraY - oo e e 1 1
Clay, dark-gray toblack... oo . __ 3 4
Clay, dark brownish-gray. ... ... ... 1 b
Clay, silty, medium browmsh-gray i 6
8ilt, clayey, medium-brown.__.___.____.__.__ 2 8
Clay, silty, medium brownish-gray to brown. 2 10
Clay, medium browniSh-gray. ... .o 2 12
Clay, silty, light-gray with a brown tint; contains a few limonitic flecks.. 8 20
gilt, clayey, light-gray; contains limonitic flecks; brown tint in lower part...... 17 37
Sand, medium, to coarse gravel with some pebbles, light brownish-gray to pink 13 50
Gravel, fine to coarse with many pebbles, reddish-brown; contains some sand.. 5 . 55
Sand, silty, light yellowish-brown._ _________ . __ . 6.5 615
Sand and gravel, medium, to coarse gravel with some pebbles, brownish-gray torec.| 38 99.5
Clay, silty, yellow; some hght- .................................................. 1 100. 5
8and, medium, to coarse gravel, reddlsh-brown to gray. -l 205 130
Sand medium, to fine gravel, brownish-gray to pink - 10 140
Sand medmm, to medinm gravel with some coarse gravel redd 48 170
Sand medium, to fine gravel, light brownish-graytopink__._________._______.__ W10 180
Sand mediaum, to medium gravel with some coarse gravel, reddish-brown to gray...| 63.5 243.5
'l‘ertlary—lecene
8ilt, sandy, with fine sand, light-brown to tan__.__ 6.5 250
8ilt, clayey, dark brownlsh-gray .................. 10 260
Silt, clayey, slightly to moderately calcareous, light-gr: | 10 270
Silt clayey, moderately caleareous, light-gray. . ... __. 10 280
Silt, clayey, slightly calcareous, ligilt grayish brown; contains many reworked chall
fragments in Jower part.. e ccccemcaae 29 309
Cretaceous—Upper Cretaceous—Niobrara formation:
Shale, chalky, light-yellow and grayish-white_. ... .. 11 320
Shale, chalky, light-yellow and white; more chalky in lower patt 4 2 340
Shale, chalky, medium-gray. .. oo 10 350
7-4-19¢c
Fillmore County. Altitude (2), 1,714 ft. Depth to water, 65.7 ft, September 24, 1946.
Quaternary—Recent and Pleistocene:
Soil and road fill: silt, clayey, dark-brown _ 5 5
Clay, silty, to clayey sx]t, medium grayish-brov 4.5 9.5
8ilt, clayey, medium-gray; contains a few limonit 13.5 23
8ilt, clayey, to silty clay, soillike, dark-brown to gray.. - 1.5 24.5
Sllt glayey to sandy, light-gray; light-brown below 28, 10.5 25
Sﬂt sandy, light reddish-brown 3 38
Sand fine to coarse, pinkish-brown to gray..._. 2 40
Sand ﬁne to coarse, and silt, interbedded, 5 5
Sa.nd ﬂne to coarse, light brownish-gray with p gr: - 2 47
Silt, r%smdy to cla.yey, light pinkish-brown; contains some 1 6 53
Sllt sandy, light-gray to gree: 2 55
Silt slightly sandy, pinkish-brown to gr: 2 57
Sﬂt clayey, to silty clay, light plnknsh brown to gray... 3 80
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Thick- { Depth
ness | (feet)
(feet)
T-4-19cc—Continued
Quaternary—Recent and Pleistocene—Continued
8ilt, sandy to clayey, light-gray to green; contains some calcareous concretionary
material in UPPer PATY e emes 5 85
8ilt, sandy, to silty sand, 1ight-gray 70524 (Y T 5 90
Sang gﬁe?o i lighi-gra e, browiish-gray w 1th pink and green grains ggs ggs
an: e, to medium gravel, brownish-gray wi ang grains....._______. 3
Cretaceous—tfpper Cretaceous—Niobrara formgtion P
Shale, chalky, to shaly chalk, light yellowish-gray. c——e 10 146.5
Chalk, llght-yellow _____________ as 150
Chalk shaly, bright-yellow..._____._.._._..__ 8 158
Cretaoeous—Upper retaceous—Carlile shale:
Clay shale, dark-gray. e mmm——————— 12 170
*7-5-1ch
OClay County. Owner, Warren Krause, Driller, D Bamey Altltude (t), 1,732 ft. Dept™ to water,

78.2 ft, November 17, 1

Qnatemary—Reeent and Pleistocene:

.. g 2
Clay, yellowooooo .. 37 39
gang , dirty, and sandy clay layers m—— zg %
Sand and some gravel_.___ e 7 7
Band and grav e e de e e e mmm—emmmmeeammm— e e emm e ¢ 86
Clay, sandy . - oo 1 97
Yo ) 112
Sand, good, and some gravel € 132
Sand and gravel. ..._.___._ J ¢ 141
Sand, rice and wheat gravel ... ______.___ —_— 14 155
Sand and gravel___.____ ¢ 164
Sand, good, some rice and wheat gravel 14 178
Sand and gravel___ e —m——— 2 198
7-5-3da
Clay County. Altitude (a), 1,683 ft. Depth to water unknown.
Quaternary—Recent and Pleistocene:
Soil: gilt, Aark-broWn. . e 3 3
Clay, buff to brownish-buff__.__ T 10
Clay, silty, gray-buff tored ..o meean T 17
Sand, medium, to coarse gravel, red. ... _____ ... ____.__._ 1° 30
Clay, sandy, gray to gink contains calcareous streaks 20 50
Clay, sandy, gray to brownish-gray_....___._. 7 57
Sand and gravel, silby e 6 63
Clay, sandy, gray; slight yellow tint below 70 ft_ . .. ... o .. 12 75
Sand, fine, to medium gravel, coarser below 85 {t, white, yellow and pink. €0 95
Gravel fine to coarse, red, btown, yellow, pink and green ..o ... 67 162
Tertlary-—-Plxocen
Clay, sandy, tan to pink___. - 14 176
ClBY, T - - oo oo o e m e mm—— e e mm o 4 180
Clay, gray-buff; contains calcareous streaks_._.. I 197
Gravel, fine to medium, white, red and green - - 3 200
Clay, gray -brown to pink 20 229
Clay, sa.ndy brown; calcareous pebbles or concretions. . ; %
5 245
tains large calcareous pebbles. 5 250
Clay, sandy, brown; contains coarse sand and calcareous pebbles...... 4 254
Gravel, fine o coarse, yellow, white and green; contains calcareous pebbl 9 263
Cretaceous——Upper Cretaceous—Carlile shale:
Shale, dark-gray to black. 2 290
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TaBLE 9.—Logs of test holes and wells—Continuec

Thick- | Depth
ness | (feet)
(feet)
*7-5-8dd
Clay County. Owner, Martin Mau. Driller, Gustav Thieszen Altitude (a), 1,752 ft. Depth to water,
1.3 ft, April 23, 1953,
Quaternary—Recent and Pleistocene: 5
(4
71
75
93
95
103
117
119
2 121
Sand'and gravel, g 8 129:
Sand, gravel, a.nd utt,le clay. 2 131
Clay oo o 14 145.
Sand, gravel, and clay. 2 147
Sand and gravel, good. 16 163
Sand, gravel, and little 2 165
Clay, sandy- - 2 167
and and grave! 12 179
Sand gravel, and little clay. 2 181
& 16 197
2 199
8and, packed. . mec e 3 202
*7-5-9dc
Clay County. Owner, Charles Beal, Driller, Rain Chief Irrigation Co. Altitude (9), 1,758 ft. Depth to
water, 84.7 ft, June 7, 1954.
Quaternary—Recent and Pleistocene:
Clay 15 15
12 0
3 30
30 60
40 100
20 120.
12 132
16 148
2 150
28 178
2 180
15 195
3 198
10 208
1 209
1 210
8 216
22 238
Olay. ——- 2 240
*7-5-15ca
Clay County. Owner, Albert Boom. Driller, Thieszen Drilling Co. Altitude (a). 1,745 ft. Depth to
water, 77 8 tt, July 10, 1953.
Quatemar?—-Recent and Pleistocene:
76 76
lay.- - - 4 0% 102
Band, fine_ .. ... 14 116
Sand mediwm. e 4 120
Glay "and meditm S8RA. .- o - oo 4 124
_____________________________ -] 12 136
Sand and gravel______ - 25 161
........................................................... 15 176
Sand medium-fine._____.. - 4 180
Sand ‘and gravel o ioeenn e m—s e eeecme—ma— - 20 200
Sand, fine 7 207
Sand, medium 4 211
Qravel.__ 9 220
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Thick- | Depth
ness | (feet)
(feet®

*7-5-26be

Olay County. No well installed (In'igation test well); Harold Schmen, owner of land. Altitude (a), 1,748

ft. Depth to water unknown.

Qua:;emlan;—Reoent and Pleistocene:

no

Cre taoeous——Upper Cretaceous—-—Nlobrara formation:
Shale, chalky, light-gray.

147

*7-5-34bb

Clay County. Owner, Raymond Schwab. Driller, Don Barney.
unknown.

Altitude (t), 1,741 ft. Dep*h to water

Quaternary— Recent and Pleistocene:
Topsoil

Clsy, sticky. .

Sand and some gravel.

Tertiary—Pliocene:

Clay, smdy__.,
Lime rock, wh

Shale, very hard

2
27
53
89

142
154
180
183

*7-6-4bd

Clay County. Owner, Ivan L. Johnson. Driller, Don Barneg& Altitude (a), 1,766 ft. Depth to water,

69.8 ft, November 11, 1

Quatemnrg—Reoent and Pleistocene:

Topsoilo. oo 15 L5
Clay, yellow 60.5 62
Clay,sandy._ ..o 8 70
Sand_____.___ 18 88
Clay, sandy. 6 94
Sand and some gravel. 9 103
Sand and gravel_.__ 7 110
Sand._ ... ____. 3 113
Sand and some gravel 5 118
Band and gravel 60 178

7-6-18bb

Clay County. Altitude (a), 1,789 ft. Depth to water unknown.

Quaternary—Recent and Pleistocene:

Soil: silt, dark-brown to black. . 3 3
8ilt, to sxlty clay, bufl_ e 17 20
8ilt, dark reddish-brown . ... e 4 24
Clay, blocky, reddish-broWn. - . e 11 35
Clay, silty, reddish-| bu.t! sandy inlower part . e 15 50
Sand to fine gravel, red. ... . e 10 60
Gravel, fine to coarse, light-red and white. e ——————— 30 90
Sand, with 8 trace of gravel sxltsrregm _____________________________ 10 100
Cla; y, silty, gray; contains some sandy cla.y below 125 fb. . emaaees 31 131
Gravel, fine to coarse, yellow, red and wh 14 1456
Clay, reddiShebrOWD - oo I 4.5 149.8
Gravel, fine to coarse; contains some brownish-gray clay below 184 ft.. 37.5 187
Gravel, fine to medium with some coarse, red and yelow..._ .o acoeaioo 24 211
Tertiary—Pliooene
Clay, silty, pinkish-brown; calcareous with some sand and gravel below 238 ft.__.___ 39 250
Cretaceous— Upper Cretaceous—Niobrara formation:
Clay, very calcareous, white. 5 256
Clay, white to brown...._ 7.8 262.5
8. e, dark-gray with
t-gray below 270 ft_ 200
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (feet)
(feet)
*7-6-24dd
Clay OCounty. Owner, L. O. Schueller. Driller, Don Barney. Altitude (a), 1,758 ft. Depth to water
unknown.
Quatemary—-Recent and Pleistocene:
Topsoil 1.5 1.5
Clay, yellow 2.5 25
Clay, sandy.___. - - 3 28
Sand, ﬁne, and clay ... - ] 13 41
Olay, sand, c{a 5 46
Band and elay. . eem 9 55
8and, ﬁne and SOIME ClAY ..o oo e e 15 70
Sand ﬁne, and some wheat F 20 N 4 74
Sand fine, and rice gravel - 4 78
Sand'and gravel. . 9 87
Clay, sandy..___ R 6 93
Sand, fine, and someclay. .. oo 4 97
Sand veryfine..___.._____. .. - 20 17
Sand vel ﬁne, and trace of gravel._ - 6 123
and medium-fine, and rice gravel 7 130
Band medium-ﬁne, and some gravel._...... 9 139
Sand, medium-fine, and gravel ... 6 145
Sand'and gravel ... 8 153
Sand, very fine, and a trace of gravel . oo 25 178
Olay, yellow_.-._. e - —————— 2 e e e 30 198
*7-6-30cc
COlay County. Owner, Robert E. Kiny un. Driller, Thieszen Drilling Co. Altituce (a),1,787ft. Depth
to water, 75.0 ft, date unknown.
Quatemmy-—Recent and Plelstocene:
il R 46 46
18 64
- 14 8
18 26
4 100
- 4 104
________ 12 116
- 16 132
e e me—mmmm—mem e mmemn 4 136
- 4 140
Sand and gravel lue 20 160
Olay, blue._.___._..__..___. e e e em—— e mmm e ma————————— 6 166
*7-6-32bb

Clay County. Owner, Fred Schwindt, Jr. Driller, Don Barney. Altitude (a), 1,783 {t. Depth to water,
75.3 ft, November 9, 1954,

Qua!;[gmary—Recent and Pleistocene: 3 s
Clay, yellow and brown. e 23 31
Sand, dirty.- oo . e memmam— e e e ea—————n 7 38
Sand and Clay, [ |1 ¢ 2 - - 16 54
Clay, yellow 5 59
(81557481 - S, 26 85
Sand. dirty, some gravel and 13 08
Sand, some wheat gravel, dn-ty and hard 7 105
Sand'and some gravel, dirty and hard 7 112
Clay. oo . 3 115
Sand and grave), hard formation.______ .. ... 9 124
Clay._.__.________. - 12 136
Sand fine, dirty__....__.___ - 4 140
Sand'and trace of gravel_._. et 6 146
Sand and gravel__________________. 4 150

Cretaceous—Upper Cretaceons—Niobrara formation:

Shale. 5 156
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Thick- | Depth
ness | (feet)
(feet)
*7-6-32ca
Clay County. Owner, Al F. Erthum. Drﬂler Don Bamey Altltude (t), 1,774 ft. Depth to water,
N ovember 9, 1
uatem —Recent and Pleistocene:

e 2 2
Clay, yellow... - 25 2
Sand, dirty. 32 59
Sand and gravel b 64
Clay, limy, white..._. 21 85
Sand 6 g1
Sand and some gravel_ ._.___ 5 96
Sand and gravel, 1ue-green 36 132
Clay, blue..._.. 1 133
Sand, blue.....__.._.__.___. 5 138
Sand blue, and rlee gravel ... 22 150

, blue. ... 2 162
*7-7-2db

Clay County. Owner, George Pauley. Driller, Don Barney. Depth to water, 66.4 ft, October 28, 1954,

Quaternary—Recent and Pleistocene:
Topsoil . .__._ p—— — e mm—— e —m e ———m 1.5 L5
Clay, yellow.._.._..___.__ e mmmmmmemmmmm e mm—m—mm————ammm o —— me 43.5 45
Sand, di 15 60
Sand medium-fine, and gravel - - - l? gg
Sand and clay, some gravel.. ... .o o ociieocanan 2 78
Sand, gravel, and a few clay balls. 6 84
Sand and gravel_____._____.___ 11 95
Sand, medium-fine, some gravel..ocu oo 5 100
Clay, sandy 14 114
Sand, fine, 4 118
Sand, fine_ 1 119
Clay, sandy. 5 124
Sand and gra 26 150
Clay_....__.___ 7 157
Sand, medium-fine, and some gmvel 3 160
Sand and BEBVE) . e ;e ————— 15 175

*7-7-3ed
Clay County. Owners, Carl E. North and W. 8. Moger. Driller, Thieszen Drilling Co. Dapth to water,
57.4 ft, April 30, 1953.

Qnaternary——Recent and Pleistocene: 5 o
Sand and some gravel_ . 8 51
Sand and gravel._____ 30 81

2 83

2 85

2 87

8 95

6 101

2 103

4 107

2 109

2 111

28 139

2 141

2 143.

2 145.

10 155

Sand and elay.. .o eeee 4 159
Sand and gravel..__._. b 164
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Thick- | Depth
ness (feet)
(feet)
*7-7-3da
Clay County. Owner, Walter Yost. Driller, Morris Merryman. Depth to water, 69.0 ft, April 30, 1953,
Quatemary——Recent and Pleistocene: 3 3
Clay, ye\low .- - ——— ---| 388 41
Clay, dark._.__ - 6 47
Clay, yellow. - 3 50
Y SANAY e mm e emmm mm e m e e e 7 57
AN, N8 . e iteecceaaicam e ——ceemmmmm e R 2 59
Sand and some grave!- 6 86
Sand and gravel. ..o e 4 69
Clay, yellow__ - — - - 8 77
Sand and wheat gravel. ... o e e mm 14 91
Sharp sand and some rice to wheat gravel . . eooo. 5 96
Clay, sandy. yellow . - 4 100
Sand, fine, anA ElaY . o oo e e e ————c——a———————————— 9 109
Sand, very fine, 7 116
Sand, very fine, and 3 119
.............. 18 137
...... 3 140
14 154
....... . —— 3 157
_______ 3 160
. ——— — 6 166
.............................................. 6 172
4 176

*7-7-6de

Olay County. Owner, Ernest Erickson. Driller, Don Barney. Altitude (a), 1,842 f{. Depth to water,
96.9 ft, July 23, 1954.

Qua’ti‘emary—-Recent and Pleistocene: 2 2
Olay, hard, brown. _ —— 39 41
Sand and c!ay strips. . — 29 70
Clay, gray...-._ — [] 76
Send.__.._ . . __. 16 91
Sand and gravel ..o 3 94
A o o et ———— e ma e mm mm e = 3 97
Sand and some gravel.. 8 105
Sand and gravel 6 1m

14 125
9 134
y 6 140
Sand and gravel, -] 14 154
Sand, fine, and some clay. 16 170
Sand, coarse 4 174
Sand and gravel ... ... ... 21 195
Sand and some gravel. - 3 198
7-T-Tce

Clay County. Altitude (t), 1,820 ft. Depth to water unknown.

Quatemm'y—Reeent and Pleistocene: 2 2
Clay, silty, T OW o e e e e e e e a e e mm mm e e e m 20 22
Clay, t a— 3 28
8and, ﬂne, ClBYOY, PAIL oo oo e e e e e 4 29
Olay, o pari sty groy ¢ S 1

y,mpar silty, gray to tan
Clay, silty, tan___..___.___ - 10 50
Clay, very ﬁne sand, light-brown._..._ 10 80
Sand and some gravel limonitic stain_ —-- - 4 64
Chog, o ‘art sand; tan below 81 v _T_TTTTIITTIITTITIITTN 10 2
'y, sity, San: an
Sand, medium to ooarse. oo o o T o 85
Sand and gravel . oo e 21 106
Sand, very fine. . ..o e eem e -] 14 120
Sand and gravel 78 108
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Thick-
ness
(feet)

Depth
(feet)

*7-7-17ac

Clay County. Owners, Morrison and Quirk. Driller, Petterson Bros. Altitude (t), 1,82* ft. Depth to
water, 81.9 ft, May 1, 1953,

Qua wmary—Reeeuc and Pleistocene:

Olay, yellow --

Clay, dark-brown.

Clay, brown -

Cla;

y, sandy.._
Clay, sandy, light

Sand, fine, e

Sand, medium and gravel. .

Sand very fine_

Clay, sandy, light___.._._.

Band, very fine, and clay

Sand, fine, and some gravel. ..

Sand, very fine._____

Clay, sandy,

d, gravel' and clay balls___.___

and gravel .....

Sand'and rice

gravel
Clay sandy, and clay balls
(f, gravel, and clay balls_

Sand medium-fine, and few clay balls

Sand to rice gravel.
Sand and gravel

Clay, brown, soft.

—
SnkBr
hin

-t - - -
SO LV 00 0O IV B e 1 DO D 1 S T e O N D

399

"

BEEEERgngueannn,,

*7-7-23ac

Clay County. Owner, Robert Kinyoun. Driller, Thieszen Drilling Co. Altitude (t),

to water, 68.5 ft, July 10, 1953.

1,789 ft. Depth

Quaternary—Recent and Pleistocene:

Topsoil. oo
Clay._.

%and ‘and gravel. . e

Sand and gravel ______

Sand and gravel

Clay..

Eesaghe

*7-7-23bd

Clay County. Owner, Glen F. Slater. 5%’3“:5" Don Barney. Altitude (a), 1,794 ft. D3pth to water,

, date unknown.

Qua’bremary—Reeent and Pleistocene:
o)

Sand and some gravel_

Clay, sandy.

Sand, fine_.

Sand and some rics and wheat gravel

Clay, sandy

Sand and traoe of gravel

Sand and gravel.

Clay, sandy.

Sand and some gravel..._.___

Sand and htr,le gravel_.
Cret: glper Cretaceous—Niobrarsa formation:

Lime rock,

15
17.5
2%
16
11
15
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ness

Thick- { Depth
(feet)
(feet)

7-7-25dd
Clay County. Altitude (a), 1,788 ft. Depth to water, 71.3 ft, August 5, 1949,

Quaternary—Recent and Pleistocene:

Soil: silt, very slightly clayey, very dark brownish-gray .. .- voeooocece coomeoon 1.5 1.5
silt, motiemtely clayey, brown-buff with gray tint; slight

below 2.5 b .- moos 2.5 4
8ilt, slightly clayey, light buff-gra; oniti 1 5
8ilt, moderately calcareous, noucalcareous in lower part, buff-gray with yellow tint

to light-gray with buff tint; contains snail shells_.__ 17 22
8ilt, clayey, very light tannish-gray; contains a few

embedded sand grain__.__._____Z . __ . __ ____ 5 27

8ilt, moderately clayey, tannish-gray; less clayey and slightly calcareous below 29 f{ 3.5 30.5
8ilt, moderately clayey to slightly sandy, more sandy below 385 ft, slightly calcareous,
tannish-gray with pink tint; contains very fine sand, a few limonitic flecks, and
Eeﬂow caleareous nodules. ... el 11 41.5

8ilt, sandy, to silty sand, tannish-gray with 11;
5.

sand with some coarser sand and gravel gra 3 4.5
8ilt, very sandy, light-gray; contains very fine to 5.5 50
Sand, fine to coarse, brownish-gray...._________ 10 60

8and, fine to very coarse with some fine gravel
brownish-gray._.______________________ 15 75
8ilt, clayey to slightly sandy,

blue-green tint below 77.5 ft 9.5 84.5
8and, very fine, silty, moderately calcareous, light brownish-gray; contains some
calcareous mottling and large calcareous nodules. . ... oo 5.5 90
8ilt, sandy, in part very sandy, moderately calcareous, very light brownish-gray tc
light-gray with much caleareous mottling. ... . oo 7.5 97.5
Sandinxsnedium, to fine gravel with some medium gravel, brownish-gray with pink 55 108
=Y | 1 g 3
Clay, silty, moderately calcareous, brownish-gray; contains a few snail shells..._____ 3 106
8ilt, clayey, very calcareous, with a thin gravelly seam at about 116 {t, medium-gray,;
lighter and slightly calcareous below 112 ft; contains many snailshells____._______. 11 117
8ilt, very sandy, yellowish-brown to light brownish-gray; contains fine to coarse
sand with scattered coarser grains_ .. ______ . __ ... 3 120
8ilt, very sandy, slightly calcareous, light-gray with green tint; contains very fine tc¢
medium sand and a few rootlets_ ... L iie. 5 125
Bilt, sandy, slightly calcareous, light-gray; contains very fine to finesand.. ... ___. 3.5 128. 5
8ilt, very sandy, in part very fine to coarse silty sand, moderately calcareous, light-
gray with slight brown tint; contains large calcareous nodules_._..__..__.__.__._. 5 133.5
Sand, medium, to medium gravel, brownish-gra¥ topink._ .o ool 6.5 140
Sand, fine to some fine gravel, brownish-gray with pink and green grains_ 18 162
8ilt, sandy, light brownish-gray; contains very fine to medium sand._.._ 1.5 163.5
Sand, fine to coarse, light brownish-gray. . _ . oo 9.5 173
8ilt, sandy, slightly caleareous, light brownish-gray; contains very fine to mediumr
sand and a few calcareous nodules_ .. cieeocnaoeo- 2.5 175.5
Ba]nsg,fﬂne to very coarse, light brownish-gray; eontains a few chalk fragments below .5 186
Oretaceous—Upper Cretaceous—Niobrara formation:
Chalk, silty texture, light-yellow to yelowish-gray to white. ... oo oo oo ... 14 200
*7-7-34cc
*Clay County. Owner, H, F. Gerdes. Driller, Thieszen Drilling Co. Depth to water, 75.0 it, date
unknown.
‘Quaternary—Recent and Pleistocene:
TOPSOIl ANA CAY e - o e e e mn e 54 54
Sand, fine 8 62
Sand and gavel. I
and and gravel.
ot Sy .
and, very fine
____________________________ 4 86
Sand and gravel. . e ——————— 18 104
Sand and good gravel.. 22 }gé
Sand, medium.......__ 2 130
Sand and some gravel. 8 138
L6 ¢ 18 156
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Thick- | Depth

ness (feet)
(feet)
*7-7-35ba
Clay County. Owner, Agnes Williamson. Driller, G. W. Grosch. Altitude (a), 1,800 ft. Deptl to water,
88.6 ft, J'u.ly 28, 1953.

Quatemary—Recent and Pleistocene: 85
Very gob'ci ‘sand and gravel_._.____ I LT o 112
Sand and clay layers. ... - - -4 10 122
Sand and gravel, good ... _____.________ 43 165

*7-8-4db

Clay County. Owner, Robert Donahue. Driller, Burt Lichti. Altitude (a), 1,860 ff.
5.7 ft, April 21, 1953,

Depth to water,

Quatggmry——Recent and Pleistocene: -
Sand and gravel. 11 86
Clay,sandy.. . _........_ 9 95
Sand, gravel and some clay.. 18 110
Cla 8 118

6 124
6 130
34 164
4 168
20 188
12 200
*7-8-5db
Clay County. Owner, Herman Knudson. Driller, Morris Merryman. Altitude (a), 1,877 ft. Depth to
water, 102.8 ft, April 21, 1953.
Quaternary— Recent and Pleistocene:
DOPSOIL. o e e e e e 2 2
Clay, yellow. e mmmmmcmemmmeman [ 18 20
Yy, brown.... e e et s e 9 29
Clay, sandy...coooomomcance. e mmmmmm——— 4 33
Clay, bl 8 41
19 60
14 74
13 87
12 93
6 105
9 114
3 117
3 120
8 128
4 132
6 138
Qand and gravel with a frace of clay. 11 149
Sand, fine, and gravel_..__.___._.___ 14 168
Sand ‘and gravel e 11 179
[9]7: - S, e s —— e ——— e mm e am e 4 183
*7-8-10ab
Olay County. Owner, Charles W. Roback. Driller, Don Barney. Altitude (a), 1,852 ft. Depth to water,
91.0 ft, April 21, 1953.
usternary— Recent and Pleistocene:
Q Topsoil 2 2
21 23
8 31
13 44
21 85
lay, 6 71
Sand and clay balls_______ 7 78
8and and some gravel o 2 80
Sand, medium-fine, and gravel ] 85
Glay, SANAY . - o e em e 5 90
Sand, gravel and afew clay balls. .o oo icicmcneeaccanaeeen we= 8 98
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Thick- | Depth
ness | (feet)
(feet)
*7-8-10ab—Continued
Quaternary—Recent and Pleistocene—Continued
8and, fine, dirty, and clay ——— - 5 103
Sa.nd fine, and some gravel..____. 2 105
sand and gravel, Airty, SOMe Y o oo oo e e e 17 122
Clay. - 6 128
- - - 19 147
[T 1 158
Sand fine, hard, some clay_..._..__ .. ... ——- 7 165
Sand medium-ﬁne, and rice gravel.. 5 170
Sand medium-fine, and gravel. 4 174
Sand'and BTAVEL. e m e mamemm e cmmmem——————— e 4 o1n 185
Sand, medlum -fine, and gravel..... - . 13 198
7-9-12aa
Adams County. Altitude (i), 1,868 ft. Depth to water, 90.1 ft, May 20, 1946,
—Recent and Pleistocene:
Boil: silt, dark-brown...__.. 2 2
Clay, silty, dark brownish-%ay.-_._ 1 3
8ilt, clayey. light brownish 15 18
Bilt, clayey, dark-bDrown. ... ... 3 21
Silt, sandy in lower part, light-brown. ...« [ 27
8and, finé to coarse, light brownish-gray topink___ . ... 3 30
silt, sandy to clayey, light redd.ish-brown with darker zones. 10 40
8ilt, sandy, Hght-gray . . . e cemaee 6 46
Sand, fine to coarse, light brownish-gray; contains a sil 14 60
Sand and some fine gravel, light brownish-gray to pink.. b 65
Sand to medium gravel with some coarse gravel below 70 ft, light brov -gray to "5 25
Sﬂt BN @AY oo oo o e 2.5 75
S?lltldlimh m to medium gravel, light brownish-gray to pink g ;g
Fdiy s o R,
Sand, medium to coarse gravel, finer below 105 ft, light pinkish-gray 36.5 118.8
8ilt, fn part sandy, light-gray t0 YelOW.. o oo mem 4.5 122
Sand medium, to0 medium gravel with some coarse gravel, light pinkish-gray. 24 146
8ilt, sandy, to sﬂty sand, light- to yeHowish-gray .. oo .. 6 152
Sand medium, to coarse gravel with a silty sand layer from 177.5 to 178 fi. light
pmlnsh gray; reddish-brown below 1701t .. 28 180
Sand, medinm, to medium gravel with some coarse gravel, brownish-gray to pink...| 17.5 197.8
Cretaceous—Upper Cretaceous— Niobrara formation:
Shale, halg bright- to yellowish-orange; dark-smy below 217.5 ft; contain® some
white chali from 200 to 217.5 ft 32.5 230
7-9-24dd
Adams County. Altitnde (i), 1,863 ft. Depth to water, 91.9 ft, November 26, 1947,
Quaternary—Recent and Plefstocene:
Soil %ﬂt, very slightly clayey to sandy, very dark brownish-gray; contains ve-y fine 05 05
Silt, slightly clayey, granular, dark brownish-gray_ ... .5 1
Silt, clayey to s]gghtly clayey, brownish buff-gray; uﬂ!—gray frorn 2.2to 3 ft; contains
a few limonitic flecks and has a slight yellow tint below 3ft. . _.____.____..___... 3 4
Sﬂt, very slightly clayey to sandy, buff-gray with yellow tint; slightly lighter below a 15
Si.\t, s].ightly clayey, very light buff-gra; 6.6 20.5
Soil: silt, slightly clayey, dark reddish- 2 22,5
8ilt, clayey, tan-gray with aslight brownlsh tint; pink tored tint 25 to 201t; less clayey
and light tan-gray with a pink tint below 20 8. . ... oo 10 82.5
Silt, sandy to vetg sandy to less sandy below 35 tt, light tan-gray; contains ve~y fine
tomedium Sand. . eemmnane 7.5 40
8ilt, very slightly clayey to (in g:rt) slightly sandy, tan-gray with brown tint; in
art very sandy and gravelly below 45 ft, tan to browniSh-gray - e oo meecamoan 8.5 48.5
8ilt, clayey to slightly sandy, light-gray._.__._. 15 50
Sﬂt, slightly sandy, brownjsh-gray with tan tint; contains some limy fragments.._.. 2.5 52.5
Bilt, sandy to very sandy with very fine sand, light greenish-gray. ..o ... 3 65.5
Sand to fine gravel with tiaee of medium gravei brownjsh-gtay with a fow pink grains. 7 62.5
8ilt, very sandy with fine to medium sand, greenlsh-gray- 2 64.5
Sand to medium gravel with some coarse gravel, brownish-gray with pink and some
light-green grains - 6.5 70
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Thick- | Depth
ness | (feel)
(feet)

7-9-24dd—Continued

Quaternary—Recent and Pleistocene—Continued
Sand to medium gravel with trace of coarse gravel, in part iron-stained, brownish-
gray with pink grains. e
8ilt, sandy, grayish-green; contains very fine sand
Silt, sandy to very sandy "with very fine sand, brownish tan-gr
8and to coarse gljﬂgel, finer below 90 ft, light brownish-gray with pink and light and

Son
gad

S

e to coarse, principally medium, brownish—gtay -
silt, very sandy to gravelly, greepish-gray. .. __ . ____________
Sand to medium gravel with some coarse gravel, brownish-gray with pink grains....
Gravel, fine to coarse, Yrmclpally coarse, brownish-gray to pink..________________.__
Sand to medium gravel, more sandy below 145 ft, brownish-gray with pink grains...
Sand to fine gravel with some medium gravel and some coarse gravel, coarser below

160 £t, light brownish-gray with pinkgrains___________.__.___
8ilt, slightly clayey to sandy, buff-gray with yellownsh limonitic tint_ . ......._..._.
, fine to medium with some coarse; some fine gravel below 170 ft, light-gray to

Band to medium gravel with some coarse gravel, brownish-gmy a& S .-
Sand _to medium gravel, light brownish-gray with pink grains; contains coa:
and pebble zone from 198.5 to 197 ft and silty zone from 197 to 197.5 n“-_ - 10
8and to medium gravel with a sandy zone from 206.5 to 207.5 ft, light bro
with pink grains. e ————— 10
Sand to medium gravel, slightly more gravel below 215 ft, light brownish-gray with
a few pink and light- e?-een .................................................. 10
Sand to medium gravel with trace of coarse gravel, light brownish-gray with pink

-
B SolReompo omp

2;
:
:
H
|
‘
'
i
'
H
H
;
o |
H
|
1
'
=
©m -

- 2
'l‘ertlary—~Pli
8ilt, slightly clayey, tan-brown with a gray tint; contains some calcareous fragments
and moderately calcareous light brownish-gray zones below 240 ft..._____________.. 15
silt, slightl to very claye dy moderately calcareous, brownish buﬁ-gray, contains
some chalk fragments and limy layers or nodules from 2564 to 264.9ft_ . ... .... 10.5
Sand to fine gravel, principally reworked chalk fragments, yelloW.. oo veveoeao .- 2
Cretaceous—U pper Cretaceous—Niobrara formation:
Chalk yellowish-whxte with some imterbedded yellow and white layers from 280 to
0 light-gray below 290 ft c—— 30.5
Chalk, aly, light- 10 MeA MBI Y - oo e e e e —— e m e e 7

BB E B EBE

rn

g8

8-5-1dd
Clay County. Altitude (a), 1,717 ft. Depth to water unknown,

Quaternary—Recent and Pleistocene:
8oil: silt, medium-brown . . e ——————
Clay, silty, to clayey silt, medium-brown_ -
Clay, silty, medium-brown with ytint . .
8ilt, light brownish-buff; gra; rown in lower part.
Clay, silty, medium brown
8oil: clay, silty, dark-brown.
Clay, silty, medium to light reddish-brown...
8ilt, clayey, c:flht brownish-tan to pink; contains a few caleareous nodules. - . .......
8ilt, clayey, calcareous, light-gray to pinkish-tan and brown
8ilt, clayey, to silty clay, light-gray to brown. . . .. e _..
8ilt, claye({ tl(l)iglty clay with much white calcareous material, medium brownish-
yoand white. . et cemeae
8ilt, clayey to sandy, light-gray with green tint; contains finesand_.______._________
Sand, medium, to fine gravel with some medium gravel, light brownish-gray to pmk_
gﬁgdligﬁﬁe to medium, light brownish-gray.
S8and, me um, to fine gravel, some medium gravel, coarser texture in lower part,
nght brownish-gray to pink. e
Tertiary—Plioce!
8ilt, sandy, llgh ..............
8ilt, clayey, light wnlsh-tan to grayish-brown; contalns 3 calcareous zone at 134.5
ft and many reworked chalk fragments below 140
Cretaceous—Upper Cretaceous—Niobrara formation:
chalgy, light-yellow and white_.__..
Shale, chalky, medium-gray; white specks; yellowish- to grayish-white below 195 Tt..
Limestone, chalky, light-yellow to gmymh-whme_ -
Cretaceous—U pper Cretaceous—Carlile shale:
8hale, dark-gray (bit sample)
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Thick- { Depth

ness (feet)
(feet)
*8-5-6ce
Clay County. Owner, Ephraim K. Nuss. Driller, Morris Merryman. Altitude (a), 1,761 ft. Depth to
water, 79.4 ft, April 28, 1953.
Quaternary—Recent and Pleistocene:
OPSO e 3 3
Clay, ySllow. 21 2
Clay, dark.. - 6 30
Clay, yeliow. 24 54
Clay, blue...______ 31 85
and, fine, and cla; 4 89
Sand and rice gravel 6 95
Sand..____________ 3 98
Sand, good, some gr: - 16 114
Sand, fine, with trace of 3 17
Sand and gravel 11 128
Tertiary—Pliocene:
Clay, yellow, with a trace of ime rock at 160 ft_ ... . ... 63 191
Cretaceous—Upper Cretaceous—Niobrara formation:
Clay, chalky, white 5 196
Clay, yvellow and white, mixed . . 13 209
Chalk rock, white. _.__________._ 6 215
Clay, light-yellow. . ... .o . 21 236
Clay, hard, blue.. R 4 240
Shale, blue. e emem s 14 254
*8~5-11ba
Clay County., Owner, Art Hoffman, Driller, Merle Packard. Altitude (a), 1,736 ft. Depth to water,
87.4 ft, November 12, 1054,
Quaternary—Recent and Pleistocene:
Topsoil 10 10
Clay... 71 81
Sand, my , s 9 20
Sand, fine to medium, good - - 20 110
Sand, fine to medium, good, with a thinlayer of €lay.. .. 10 120
Sand, fine to medium. .. ... ... _...._. 10 130
Sand, fine to medium, with clay layer 10 140
Sand, medium...__. 3 143
ClaY - e 7 150
Tertiary—Pliocene:
Clay with some Sravel ____________________ - 10 160
Cretaceous—Upper Cretaceous—Niobrara formation:
Clay and Hmestone.. .« - - o oo oo oo cm e e e m e e mme 10 170
Clay and black soil ———— 10 180
8-5-24dd
Clay County. Altitude (a), 1,655 ft. Depth to water, 9.6 ft, Septemhber 25, 1946,
Quaternary—Recent and Pleistocene:
Soil: silt, clayey, dark-Drown. .. oo 1
Silt, clayey, medium brownish-buff, light grayish-buft some limonitie .
below 18 ftacee oo - - 17.5 18.8
Silt, medinm-gray to green . . .. 4.5 23
Sand, fine to coarse, dark-gray to green, dark-gray silt layer at base.. - 1 b3
Sand, medium, to coarse gravel and peisbles, rownish-gray topink___ ... ____. 4.5 8.5
Silt, light brownish-buff____________.___._ . 1.5 30
Clay, silty, light bluish- to greenish-gray . . o oo oo cccccccaaeeas 1 31
Sallil%; fine to coarse with many rounded clay particles; coarser texture in lower part, 0 ©
ght-gray. . e
Sand, medium, to coarse gravel with a few pebbles, brownish-gray to pink______. - 10 50
Gravel, fine to coarse, with many pebbles and some sand, brownish-gray to pirk._..| 10 60
Sand and gravel, medium to coarse gravel with some pebbles, brownish-gray to pink.{ 65 125
Cretaceous—Upper Cretaceous—Niobrara formation:
Shale, ch: , to shaly chalk, white to light-yeloW .. - oo oeeemao b 130
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
nes (feet)
(fent)

*8-6-14ca

Clay County. Owner, Dr. H. Ochsner. Driller, Thieszen Drilling Co. Altitude (t), 1,760 £:. Depth to
water, 66.7 ft, October 19, 1954.

Quaternary—Recent and Pleistocene:
Topsoiland elay ..o _.._.__ 8)
Sand and gravel. 22 102
Sand, coarse... 13 118
Clay.. ..o 6 124
Sand and gravel. 14 138
Y oo memne 1 148
Sand, coarse, good 12 160
Sand 'and 43 USSR 22 182
Tertiary—Pliocene:
B e e et e o e e m i m m———————— 2 184
8-6-15cd
Clay County. Altitude (t), 1,760 ft. Depth to water unknown.
Quaternary—Recent and Pleistocene:
SO e e ——————— 2.5 2.5
Clay, silty, yellowish-tan____ —— 15 21
Soil: clay, silty, brown_.___ . _____ 2 23
Clay, pink; contains some limy nodules below 45 ft._. 27 50
Glay, sandy, calcareous, light greenish-gray......._. 1 61
Sand, fiNe. . e aeme 4 65
Sand, clay and some gravel, light-gray 13 78
Sand and gravel e — 2 98
Clay, sandy with fine sand, gray, yellow below 103 ft. 15 114
Sand and gravel. . e mmmane 8 122
Clay, sandy to gravelly, gray. .- 5 127
Sand and gravel ... e 14 141
Clay, sandy, light greenish-gray.._ . _____________________ ceeeeep 10 151
Olay, sandy, brown. - 5 156
Sand and gravel. ... ... .. [ 27 183
Tertiary—Plioeene
Clay, g ; contains some limy material below 200 ft. 3? 215
Clay, light-tan__ ki 222

*8-6-15cd1

Clay County. Owner, Clayton England, Driller, Don Barney. Altitude (a), 1,762 ft. Derth to water,
61.8 ft, April 27, 1953.

Qua

3 3

17 20

18 38

2 40

R 73

] kel

4 83

2 85

14 99

2 101

2° 125

8 133

Sand and gravel 12 145

Glay, sandy._... 15 160

Sand and clay... 5 165

Sand and a trace 3 168

Sand and gravel 17 185

Sand, medium-fine, and lit 5 190
ertiary—Phoeene
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TasLE 9.—Logs of test holes and wells—Continued

Thick- { Depth

ness | (feet)
(feet)
*3-6-18db
Olay County. Owner, Earl England. Driller, Don Barney. Altitude (a), 1,789 ft. Depth to water,
70.2 ft, October 20, 1954.
Quaternary—Recent and Pleistocene:
TODPSOIL. . - o e e e e emc e cem o e cmmmmm— e —mmmm e e 2 2
Clay, yellow and brown. .. cceeees 44 46
Sand and yellow clay_._. e emmmmmmm e e 12 58
LTS I T 3 61
R "8
S 1Y 5
d and s%me 87
Sand and gravel. ..o 50 137
Sand, fine_ 15 152
Clay, sandy_._.. 7 159
Sand and little gravel ... e 13 172
Sand and gravel. . e cmcemcmame e ——— 4 176

*8-6-2lac

Clay County. Owner, Frank G. Keasling. Driller, Don Barney. Altitude (a), 1,769 ft. Depth to water,

66.3 ft, October 20, 1954,

Quaternary—Recent and Pleistocene:

Topsoil.. - . oo eeaeae 2 2
69 71
11 82
4 86
9 95
6 101
6 107
5 112
4 116
5 121
2 123
12 135
12 147
Sand ANA Eravel. o e e am e ——— - 3 150
Clay._. .- 2 152
Sand and some gravel e 8 160
Sand and gravel__. - 18 178
*3-6-26bd
Clay County. Owner, Kenneth Xauk. Driller, Thieszen Drilling Co. Altitude (a), 1,762 ft. Depth to
water, 64.9 ft, October 10, 1954.
uabemary—-Reeent and Pleistocene:
¢ B 15 o 3 SN 78 78
Band and gravel..__ . . e e e 14 92
S8and, medium-fine. . e 10 102
Sand and gravel 20 122
Olay. fine sand. .. 6 128
and . ... 16 144
Gravel and some 30 174
*3-6-27db
Clay County. Owmer, Lloyd Hultine. Driller, Thieszen Drilling Co. Altitude (a), 1,768 ft. Depth to
water, 60.2 ft, April 27, 1953,
Quatemarﬁ—Recent and Pleistocene;

Topsoil.....____ ... - 70 70
Clay. - —- 10 80
Sand ——— 14 94
Sand, fine. 10 104
Sand, mediom. ... - 4 108
Gravel. ___.... - - 18 124
8and and clay. i) 129
Sand ANA ZPAVEN e e e m e mmmeamm e e 17 146
....................... 8 154
Band and gravel e mmm——————————— o o 28 182
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Thick- | Depth
ness | (feet)
(fent)
*8-6-29ab
Clay County. Owner, Raymond M. Hiatt. Driller, Don Barney. Altitude (t), 1,784 ft. Depth to
water, 68.1 ft, October 20, 1954.
Quaternary—Recent and Pleistocene:
T il 2 2
67 69
14 83
2 85
11 96
7 103
7 110
4 114
5 119
22 141
8 149
9 158
15 173
2 175
3 178

*8-6-36ca

Clay County. Owner, Edward C. Walther. Driller, Morris Merryman, Altitude (t), 1,763 ft. Depth

to water, 75.3 ft, July 10, 1953.

Qua,ti‘emari}l’—- Recent and Pleistocene:

Y
Clay, yellow (lost w
Cla.yz white, sticky._.

Sand and rice
Sand, medium, and gravel.. .
QuuiCksand .. . o e

g’-‘i—lb—‘
SRS
crn

—

P [
WO IR RWhRIWODD

*8-6-36ch

Clay County. Owner, Edward C. Walther. Driller, Morris Merryman. Altitude (a), 1,762 ft. Depth

to water, 72.4 ft, April 27, 1953.

Sand and gravel._
Sand ba.lls%‘f.

Sand and gravel, good. .. ____ . e_._.

-
BB wBed
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TABLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness | (feet)
(feet)

*8-7-19de

Clay County. Owner, Lawrence Burmond. Driller, Thieszen Drilling Co. Altitude (i), 1,847.6 ft.
Depth to water, 99.5 €, October 21, 1954,

Quaternary—Recent and Pleistocene:

T il 2 2

53 55

4 59

12 71

4 75

14 89

14 103

60 163

*8-7-20cc

Clay County, Owner, Harold Smith. Driller, Don Barney. Altitude (i), 1,822.5 f:. Depth to water,
78.4 ft, April 21, 1953.

Quaternary—Recent and Pleistocene:
Topso! 3 3
11 14
23 37
6 43
20 63
11 74
6 80
- 4 84
- 19 103
Clay, sandy, solt whi - 4 107
Sand and gtavel ...... 2 128
Sand, blue___.._._ - 21 149
Sand, blue, and some gravel - 9 158

*$-7-21ba

Clay County. Owner, Harold Schultz. Driller, John Alfs. Altitude (a), 1,821 ft. Depth to water, 79.5
ft, October 21, 1954.

Quabema.ry—-Reeent and Pleistocene: 2 2
Cla _________________________________ . & 52
Sand andgravel . ... ... .4 18 70

T8 - o e e e e 42 92
Gravel ....................................... )15 107
AN e e e mmmm e 9 116
Gravel . oo 11 127
[0 - 1 128
BB - e e e m——————————————— e 38 166
Clay. —_— R

*3-7-22bb

Clay County. Owner, Harry Frank, Dn]lerAJohn Alfs. Altitude (a), 1,813 ft. Depth to water, 76.1 ft,

pril

Quaternary—Recent and Pleistocene:

PODSOLL. oo e e e e mm e b 2 2
Cla; 56 58
9 67

19 86

90

12 102

14 116

30 146

7 153

4 157

166

14 180
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Thick- | Depth
ness | (feet)
(fe>t)
8-7-24aa
Clay County. Altitude (a), 1,812 ft. Depth to water unknown.
uaternary—Recent and Pleistocene:

@ S0Rk e o e —mm—m e 2.5 2,5
Clay, silty, yellow-brown. 135 16
Soil: elay, dark-brown._.._...___ 2.5 18.5
Clay, ye lowish-red to light-brown.. 1L5 30
Clay, yellow-Drown . .. 17 40
Clay, red, yellow, and brown; contains limy concretions below 50 ft... 29 60
Clay, red-brown . . e 22 82
Clay, sandy, light tannish-gray; contains fine sand _ 19 98
Sand, fine, clayey, light tan-gray._......_..._._. 5 103
Sand and gravel . ________ . __ 14 117
Clay, gravelly, yellow. 1 118
Sand and gravel...._ 3 121
Clay, gravelly._. 4 125

Sand and gravel 34 159
Sand, fine, clayey in part, hght-g:reen i* 175
Sand and gravel, Hmonitic-stained ... lliiian 34 209

Tertiary—Pliocene:

Clay, sandy, bufl-3an e —————— 21 230

Cretaceous—Upper Cretaceous—Niobrara formation:

Chalk, yellowish-tan. ... s ——— | 18 245
*§-7-26ba
Clay County. Owner, Everett England. Driller, Don Barney. Altitude (a), 1,806 ft. Denth to water,
75.0 ft, October 21, 1954,
Quaternary—Recent and Pleistocene:
B 2 1 RO 2 2
Sand and Some Clay - e 54 56
Sa.nd and some clay and gravel 10 66
[ 037 18 84
Sand and gravel..._.___. 58 142
Sand and some gravel. .. 3 145
8ana. e 5 150
[ 03 S 2 152
Sand “and gmval e m——————— et m m m mm e 6 158
*8-7-28ac
Clay County. Owner, H. V. Brenneman. Driller, Morris Merryman. Altitude (i), 1,822 ft. Depth to
. water, 80.9 ft, April 21, 1953.
Quaternary—Recent and Pleistocene:
D OPSOLL. o e e —————————————— 2 2
Clay, yelow _ .o cocaeeo . 18 20
lay, dark - ... ..o oo ... 15 35
Clay, tough, light-colored . ... 4 39
Clay, yellow .................. 22 61
Clay, sandy, yellow..__.._._._ 7 68
Sand, packed. ... oo 3 71
Sand’ and gravel, packed . . _ ... ... __. 5 76
Clay, yeHow _ ... __ . ... .. 5 81
Glay, sticky, light-colored. ... 13 94
Sand, some gravel..__._..._._. 11 1056
Sand and gravel _____ ... ____. 6 111
Sand, packed._. ... ... 3 114
Sand and rice gravel 5 118
Sand and gravel._.._.._...__..__ 16 135
Sand, fine, andelay.__..__._.__.._ - 6 141
Sand and gravel, good. ... _.__.__... . [ 9 .
Sand.- - e 4 165
Quicksand __________________________________________________________________________ 2 157

467829—59——10
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness (feet)
(feet)

*8-7-29be

Clay County. Owner, William F. Wendt. Driller, John Alfs, Altitude (i), 1,831 ft. Depth to water,
81.2 ft, April 21, 1953.

Qua%marg—Reoent and Pleistocene:

2 2
44 46
19 (]
1 76
13 89
29 18
31 149

1 150
15 165

*8-7-30ca
Clay County. Owner, Fred Schliep. Driller, Morris Merryman, Depth to water, 102.7 ft, April 12, 1953,

Quatemaw—Reeent and Pleistocene:
‘Topsoil.

2 2

20 22

8 30

6 36

7 43

14 57

16 73

15 83

8 96

18 114

Sand and some gravel. . 6 120

Sandand gravel . ___.______________.___ 3 123

Cla; SO 2 125

Sand and gravel 12 137

Sand, medium-fine 2 139
Sand, medium-fine,

Sand and gravel.... 12 154

8and and clay. b 159

Sand and gravel good. . 7 166

Clay, sandy ... ..._..._ 4 170

Sand, fine, some clay. 10 180

Clay, sandy, blue.... 4 184

Quic! e e e e e e e e mme o e mm— —mm e e mm e mm——————— 9 193

*8-7-32be
Clay County. Owner, Edward Yost. Driller, Don Barney. Altitude (i), 1,836 ft. De~th to water, 90.2 {t,
October 20, 1954,

Quatemary— Recent and Pleistocene: 2 2
51 53

21 74

2 76

6 82

9 91

ora - 14 106

Sand and rice grsvel, 1T O ] 110
Clay, sandy, blue...._._...______ 6 116
Sand, blae_.....__.__ 2 118
8and and gravel, blue...___ 16 134
Clay and sand, blue- 4 138
Sand and gravel_._.___ 11 149
Clay, blue, i r{ sandy. 11 160
Band and gravel. ..o e e ———————————— 18 178
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TaBLE 9.—Logs of test holes and wells—Continued

Thirk- | Depth
ners | (feet)
(feect)
8-7-36dd
Clay County. Altitude (a), 1,705 ft. Depth to water, 69.0 ft, August 8, 1049,
uaternary—Recent and Pleistocene:
Soil and road fill: silt, clsyey, medium brownish-gray. 1 1
Silt, slightly clayey, buff-gray. ... .o .oooe ... - .5 L5
Si}g, coarse, buff-gray with yellow tint; slightly clayey 105 18
8ilt, very slightly clayey to very slightly saudy, tannish-brown with gray tint;
contains veryfine to fine sand- . ______ . . e oeeas 2 2
Clay, silty, brownish-tan with gray tint. .. ... .. 5 25
81}2":1 &layey. light brownish-tan; contains less clay and is buff tan with gray tint below o ”
8ilt, slightly sandy with very fine to fine sand, tanmsh-gray with red tint.. 4 35
Sﬂt slightly clayey to slightly sandy, brownish-gray .. .. oo ooooceoe oo 35| - 385
Sand very fine to medium with some coarse, very silty, slightly ealmreous, light
brownish 2 3 R O 3 41.5
8ilt, sandy, moderately calcareous, brownish-tan with gray tint; contains very fine to
fine sand and Some CAlCAreous MOGUIBS.. - - oo ~womoo oo 3 4.5
Bilt, clayey, very caleareous, white. ... ____________________ . ... (] 5.5
silt, sa.ndy toslightly clayey, moderately calcareous, light tannish-gray; contains very 5 5.5
Sand, medium to very coarse, brownish-gray.____.._________._.___ 4.5 60
Sand, fine, to medium gravel, light brownish-gray with gink grains. . 2.5 62.5
Bﬂt, sandy, to silty sand, brown; contains very finesand.....__._. 12.5 75
fine gravel, grayish -brown. ... ... _______. 6 81
metﬁum, to medium gravel, very light brownish-gray. 15 [
S?l‘t‘d Tr I SRR A iy, it il 18t
sandy, e to coarse sand, very -gray. 3
Sand fine, to fine gravel, brownish-gray.___.__ 4 120
’l‘ertsi:.rnd ﬂne, to ﬁne gravelwith some medium gravel, bro 8'5 204.5
Silt slightly elayey to sandy, moderately calcareous, tan with a gray tint; contains
Very fine 88NQ.. ..o oo 14 218.5
Sﬂtstone, saudy, moderately calcareous, noncalcareous below 222 ft, tan with a gray
tint; contains very finesand._ ... .o aeen 8.5 227
8ilt, sandy, moderately calcareous, slightly clayey below 230 ft, light buff-gray; con-
tains very flnesand..._ ... ___________ 9 236
Silt, vericalcaremm nodular, Hght-gray.__ ... s 4 240
Sﬂt, slightly clayey to sandy, moderately calcareous, light-gray with brown tint;
contains very fine sand an calcareous noAuleS. oo 1= 255
8ilt, sandy, to fine sand, moderately caleareons ightfgmr contains few cal-
careous nodules, ht brownish-gray and very sandy below 260t ... 1 265
Band, very fine to fine, silty, moderately calcareous, less calcareous below 270 ft, o -
5% to medlum to coarse, hrownish-gmy, light-gray below 283.5 ft__ ... 13 287
Otz Shalus;alk o e Dy e loriat] 208,514, light- to dark 27 314
o, chalky, silty, pyritic to s 21 x:) .
Shale, chalky, light- to meditnm-gray . oo oo e aman 5% 370
Chalk, ht—gmy - 13.5 333.8
B s ekt i, gt o| m
10, | :shaly sandstone, black, fine-graiwe®. . ____ . .. ooooaoo .
lay hale, dark-gm ) 200
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TaBLE 9.—Logs of test holes and wells—Continued

Depth
(feet)

Thick-
ness
(feet)
*3-8-2bd
Clay County. Owner, Earl L. Strong. Driller, Morris Merryman. Altitude (a), 1,844 ft. Depth to
water, 87.3 ft, April 20, 1953.

Quate: —Recent and Pleistocene:

: Topsoil. . LB
Clay ................. 50.5
Clay, sandy. — e e e em e emmaeem e emeemmme——m e ama e 8

Sand and gravel L) L T 7
Sand, fine, some c]ay e memmem e mm——————————————— - 8
- Sand, fine. . 6
[0 3 oS 16
Sand and gravel, with clay balls. e 6
Sand and gravel - = 2
1By o e ——— m————————— e e e e o 1
Rice gravel - 2
Sand and gravel — e ——— - g
Sand and a little gravel, sold. . cemcacmeaean 6
Sand and gravel .- 7
Sand_ e 10
Sand and some gravel - 11

Cretaceous— Upper Cretaceous—Niobrara formation:

Lime rock, yellow_.._ - - 2
Lime rock, YOOW-0Cher . oo oo 4 o2t

*8-8-3bd
Clay County. Owner, Blake Mankin. Driller, Don Barney. Depth to water, 96.7 ft,

, April 20, 1953.

Quatemary—Reoent and Pleistocene:

Topsoil 1.5 1.5
. Clay, yellow.._.... 20.5 22
Clay, brown_ .. s 45 67
Sand and gravel, dirty and hard o 8 75
Clay, very sandy. 8 83
Sand, fine, dirty —_— 4 87
Olay, white oo 17 104
S v e U N 2 106
Band and gravel._. . .19 125
Sand and gravel, good. | 3 158

*3-8-4ad
Clay County. Owner, Raymond Oschner. Driller, Don Barney. Altitude (a), 1,847 ft. Depth to water
96.5 ft, April 20, 1953,
Quatemary—-Recent and Pleistocene: ) 1
Clsy, ellow- e mmc s e m———————————————— e = e m . e 20 21
......... - [ ——— —— 18 39
Clay. litr.le sandy, light. 54 93
Sand, some gravel e - 2 95
Sand and gravel ... ... ... .. 2 97
Sand, medium-fine, rice gravel. . . 4 101
Clay, sandy. 2 103
Sa.nd fine dirty 2 106
medium: fine, some rice F oz 3 O 2 107
Sand fine, Aty oo e eee .- 3 110
Sand gmvel, and some clay balls._ - - 8 118
Sand’ angdgrave .................... - ——— 8 126
Sand, medium-fine, rice gravel. 13 139
Sand'and gravel, blue.._____.__ 6 145
Clay, blue.... - 5 150
Sand, medium-fine, and rice 8 158
Sand and rice gravel... ___.___.__._. 17 176
Sand, blue. .. 2 177
Cretaceous—Upper Cretaceous—Niobrara formation:

Lime rock, soft. S 178




- RECORDS 131

TABLE 9.—Logs of test holes and wells—Continued

Thick-{ Depth
nes? { (feet)
(feet)

*3-8-5adl

Clay County. Owner, H. L. Haberman. Driller, John Alfs. Altitude (t), 1,800 ft. Depth to water,
106.9 ft, April 20, 1053

Quaternary—Recent and Pleistocene:
POPSOML. o e e e e m e oo e m 3 3
Clay. ..o . O ./ 30
Clay, SaNAY o oo o e -- 9 39
3 o 29 68
Sand.__._____..__..___ 10 78
Sand and gravel._ 20 98
Sand, fine____._.._ 7 105
Clay, sandy.__.._ 8 113
and._ o ... 3 116
Sand and gravel._ 6 122
Sand, good. ... 16 138
Sand and Sravel. oo oo e e ————— 9 147
Tertiary—Pliocene
ClaY, SANAY - oo oo e e e e —————————— 20 167
169
2 171
y 15 186
Cretaceous—Upper Cretaceous—Niobrara formation:
Clay, Stieky, YelloW - o oo o oo e e e e e 9 195

*8-8-5ad2

Clay County. No well installed; H. L. Haberman, owner of land. Driller, John Alfs. Altitude (1), 1,890.
ft. Depth to water, 106.9 ft, April 20, 1953,

3

31

36

65

7

79

Sand and gravel 95

Sand, fine______ 5 100

Clay,sandy ... _.ooocoooooo.. 21 121

Sand and gravel. . e e e m e —m—m—m—m e m————————————— 11 132

Sand, fine, and gravel — [] 138

Sand and gravel e e e e e e 8 146
Tertiary—Pliocene: :

O e e e ——mmmmm e mma—m——————————— mmmm e mm m o 40 186

Cretaoeous—Upper Cretaceous—Niobrara formation: 5 -

Olay, stlcky ye]low, hard black sticky clay at 220 ft..... | 38 229

Clay, hard, blue....... — 5 234
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TasLe 9.—Logs of test holes and wells—Continued

Thick-
ness
(feet)

Depth
(feet)

*8-8-Tca

Clay County. Owner, Ernest Ormsby. Driller, Morris Merryman. Altitude (a), 1,886 ft. Depth to

water, 102.9 ft, April 22, 1

Quaternary—Recent and Pleistocene:

D ODSOLL. o o e e e e e m—mmm— e mm——an mm————— 15 1.5
Clay, 21.5 23
Clay, black - e 8 31
Clay, 25 56
Cla.y, sxlty, dark lg ;g
Sand and gravel 16 91
8and, fine_.___ 8 99
Clay, sandy. 15 114
and 2 116
Sand, rice gravel. 4 120
Sand’and gravel________._ 8 126
Sand and some rice gravel 8 134
Gravel_.__________ 3 137
Sand and gravel. .. e cmcccmce——————- 6 143
Clay, trace.__.._. 1 144
Sand, fine, some gravel. .. e emem————en 4 148
Sand, some gravel 7 156
Sand ‘and rice grave! - 4 159
Clay, blue_...._. 2 161
Tertiary—Pliocene:
Clay, dark. . - J 19 180
8-8-19ce
Clay County. Altitude (i), 1,889 ft. Depth to water unknown.
Quaternary—Recent and Pleistocene—Continued
Soxl silt, slightly clayey, dark brownishogray ....... 0.7 0.7
8ilt, clayey brownish-gray witha buff tint.. ... .- 13 2
8ilt, slightly clayey, very slightly clayey below 5 ft, buff-gray with a yellow tint..... 8 10
Silt, uff-gray with yellow tint, slightly darker with depth. .. .. 14.5 24.5
Soil: silt, very slightly clayey to very slightly sandy, dark reddish-brown._.______.___ 3 27.5
Sand, fine to coarse, silty, to very sandy silt, tannish-gray with a pink tint__._______ 3.5 31
8ilt, sa.ndy, tannish-gray with a pink tint, contains very fine to finesand .. ... 9 40
Soil: silt, very slightly clayey, dark-brown withred tint_ ... _._ 3.5 43.5
8ilt, slightly clayey, tannish-gray with a pink tint________. 6.5 50
8ilt, shghtly to very sandy with some fine gravel bel
pink timb. . 18 63
Sand, medium to coarse, tan-gray. 2 70
Sand to medium gravel with cons
{t, brown to tan-gray with pink grains; contains some iron stain.________.._______. 22.5 92.5
Silt very sandy, grayish-green; contains very fine to fine sand, much iron stat~,
and is snghtly clayey below 98 5 1t e smeesmeeceamemm—eemeeseeme———— 7.5 100
8ilt, sligh ¥ clayey, greenish-gr: 1 101
Sand coarse gravel with a slightly clayey silt layer below 134 ft, light brownish-
gray with pink grains ... o e emmmmem 34 135
Sand to coarse gravel light brownish-gray with pink grains; some iron stain._ 65.5 200. 5
8ilt, slightly clayey, yellowish—brown, lmonitic stain__ .. 4.5 205
Tertiary—Pliocene:
Siltstone, sn.ndy, ular, tannish-brown; contains very fine sand; some rootlets_...| 11.5 216.5
8ilt, slightly clayey brownish buff with gray tint; buff to brownish-buff below 220 ft... 9.5 226
8ilt, clayey, buff-brown with gray tint; some calcareous material _.__________._____. 4 230
Sllt, slightly clayey, tannish-brown with gray tint, more gray below 236 ft; contains
a few small calcareous nodules.__.___.._._____ ——- 10 240
Silt, broOWD-Bray . e e mmm 16 256
8ilt, in part sandy, greenish-gray; contains many rounded chalk fragments. 9.5 265.5
Sﬂt in part slightly calcateous, sandy below 271 ft, medium-gray with brown tint
becoming green with depth.. .. emmmcem——an 8 273.5
Sand to medium gravel with some coarse gravel, green; contains many chalk frae- 85 22
MeNS . e ———————— - ———— -
Cretaceous—Upper Cretaceous—Niobrara formation:
Shale, chalky, silty, dark-gray, shghtly more silty from 285 to 295 ft; has a slight
petroliferous odor below 200 £t .. 18 300
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T1 *ck- | Depth
Tess (feet)
(f2et)
*8-8-26ch
Clay County. Owner, Mike Glantz. Driller, Don Barney. Altitude (i), 1,852.8 ft. Denth to water,
92.5 1t, April 21, 1953.
Q,uabemary—-Reoent and Pleistocene:
L)) | 2 2
.......... 81 33
Clay and Sand. ..o oo comcoaaamoao s 7 40
Clay, sandy._....__ — 18 58
Sand dirty and clay. 7 65
Sand, AIrty - . e ee 9 74
Sand and gravel, dirty. 5 79
Sand and gravel ... ... 10 89
........ 9 93
s 5| B
y gravel
lay BTAY e 4 119
Sand, gravel, and clay 10 129
Band and gravel. . e am - 40 169
Sand, very fine, QA ClaY . o oo o m e —————— 9 178

*8-8-31de

Clay County. Owner, Willis Hall. Driller, Don Barney. Altitude (a), 1,857 ft.
70.9 ft, October 21, 1954.

Qua’tlgmarls;——Reeent and Pleistocene:

2 2
21 23
26 49
6 56
Sand and gravel ... 8 63
Clay. ... 15 78
Sand some gravel 15 93
Sand and gravel - 32 125
Band. e . 13 138
Sand and some gravel .. _____.______ — — 7 145
Sand and gravel - .- 33 178
8-9~12aa
Adams County. Altitude (i), 1,878 ft. Depth to water, 87.1 it, May 23. 1948.
Quaternary—Recent and Pleistocene:
Clay, silty, dark-brown. ... e e 1.5 L5

Silt, clayey, light-brown to buff; dark-brown from 20 to 25 ff; medium-brown from
23 to 97 It hghtreddlshbrownfrom27t034f ..................................... 32.5 34
8ilt, clayey to sandy, light-gray to brown; contains fine sand... 6 40
8ilt, light brownish-buff togray_____ .. ... 8 48
Clay, silty, medium brownlsh-gray.. ... _.__._____ 2 50
Clay, medium-gray to brown, oontams calcareous nodules. . 5 55
Clay, snlty Heht-gray . .o e e 2 57
fine,-to fine gravel, light brownish-gray to pink____ ... ... 8 65

Sand medium, to coarse gravel, light rownish -gray to pink; reddish-brown in
I L AN S 15 80
Silt, light ~gray to yellow. . 10 290
Sllt sandy with interbedded sand and some gravel below 100 ft, light-gray.._..-...__ 20 110
S!a:;tld1 medium, to medium gravel, light brownish-gray to pink with much limonitic 5 125

stain - —--
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TaBLE 9.—Logs of test holes and wells—Continued

Thick- | Depth
ness (feet)
(feet)
8-9-12aa—Continued
Tertiary—Pliocene:
8ilt, clayey, light greenish-gra; 5 130
Clay, silty, light-gray to bluish-green._. 6 136
Clay, silty, more silty from 145 to 150 ft, light-gray to light brownish-gray to brown_.| 20 156
Siltstone, sandy, light-brown; contains a few rootlets and some white limy material
in lower PAT - o o e 9 165
Olaiarsﬂty, calcareous, light-brown; contains much hard limy nodular material and
d limy zone at 176 £t e 11 176
Siltstone with some limy layers, light-brown . 14 190
Clay, silty, light-brown; contains some grayish-white limy material and intermit-
tent hard imy zones___ . ___ e~ 15 205
Clay, sandy, calcareous, light brownish-gray; contains many reworked chalk
B 10T 4 N 6 211
Cretaoeous—Upper Cretaceous—Niobrara formation:
Shale, chalky, light-yellow to white; contains some limonitic fragments.._...__..__.. 31 242
Shale, chalky, medium-gray, speckled light-gray in lower part......coooommammno- 8 250
9-7-36dd
Hamilton County. Altitude (a), 1,790 ft. Depth to water, 69.4 ft, August 8, 1949.
Quaternary—Recent and PIeistocene
Soil: silt, very dark brownish-gray . - - . o e 1 1
8ilt, slightly to moderat(lejlg clayey, brown to buff with gray tint; slightly to moder-
ately calecareous and -gray with a yellowish tint below 2 ft; contains very fine
sand from 10 £0 14 £6 et cecmaeemac 17.5 18.5
Soil: silt, slightly clayey to slightly sandy, dark brownish-gray with tan tint. 3.5 22
silt, clayey, brownish-tan with gray tint. ... - ... 2 24
Siil’»t’ fmodera\tely clayey, tannish-gray with red tint; contains very fine sand below " 38
Silt, clayey to slightly sandy, moderately calcareous, tannish-gray; contains many
caleareous nodules. . e 9 47
8ilt, moderately clayey, slightly calcareous, light-gray; contains many calcareous
nodules below 40 6. - e i cmea 8 65
8ilt, moderately sandy to slightly clayey, light-gray; contains very fine to fine sanc
with some medium sand.____ - 5 60
8ilt, sandy, to silty sand, slightly calcareous, light-gray; contains very fine to finesand.| 10 70
Sl]t, %andy to slightly clayey, light-gray with slight brown tint; eontains very fine 3 s
Sand, fine, to fine silty gravel with some cementation, brownish-tan. 7 80
Siltstone, sandy, Aark-gray . - ..o .o ceeaean .4 80.4
Silg, sa.ndy to slightly clayey, light-gray. .6 81
Sand, medium, to medium gravel, light brownish-gray to pink and green 24 1056
silt, clayey sandy with depth, light-gray with yellowish bmwn stain__. 4 109
Sand, fine, to medium gravel, brownish-gray._ ... ... 61 170
Tertiary—Pliocene:
Silt, slightly sandy to very slightly clayey, slightly caleareous to moderately cal-
careous with many calcareous nodular fragments below 175 ft, brownish-tan togray.| 10 180
Silt, slightly to moderately clayey, slightly calcareous to moderately calcareous, ligh*
brownish-tan with gray tint; contains many calcareous nodular fragments.._..._.. 16.5 196.5
Cretaceous—Upper Cretaceous—Niobrara formation:
Shale, clayey very calcareous, light yellowish-gray. 3.6 200
Shale, chalky to slightly clayey, light yellowish-gray. -} 13 213
Shale, very calcareous, medium-gray .. 7 220
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TaBLE 11.—Measurements of depth to water in wells in Clay Courty
[Measnrements are given in feet below land-surface datum} -

Date Water Date Water Date Water
level level level
5-5-11ba
77.83 {| Jan. 25 1955 oo 78.87 78.08
78.45 78.26 79.28
78.18 78.36 78.90
5-5-17ac
Sept. 8, 1954 ________. 70.80 || Jan. 25, 1966 ... 70.27 {}--e--
5-6-23¢ch
Aug. 19, 1954 ... 73.08 || Dec. 14,1954 _......__ 72.30
5-6-26bd ?
74.73 || Dec. 10, 1954_ . 78.08
74.17 || Jan. 25, 1955 76.40
74.91 {| Feb, 14. 76.32
75.00 || Mar. 15 __
5-7-4cd
0ct. 30,1952 .. ________ 89.14 §) Oct. 28,1954 ________. 89.45 R
5-7-21ca
Oct. 21,1052 _______.__ 80,49 || Nov.16,1954_ .. .. .. 81.02
5-7-22db
Oct. 21,1952 _.._.__... 79.80 || Nov. 16, 1954. ... 79.80 [[-cccmomomcmmmmccmmcame e
5-7-29ad
Oct. 21, 19562 .o 91.67 || Nov. 16, 1954. 88.47
5-7-32ac
13.01
12.94
12.71
12.74
12.67
12,54
12.31
5-9-2a8
0ct. 80,1952 ... 94.03 || Nov. 17,1954 .. ... __ 94,86 -
5-8-3bb
Oct. 21,1952 ... 96.20 {| Oct. 28, 1954___._._..._ 96.91 | ...

1 See table 10 for daily measurements, 1948-50.
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TaBLB 11.—Measurements of depth to water in wells in Clay County—Continued

Date 'i';t&r Date Vigt:ir Date vlt;zt:ir
6-5-27ac
Aug. 11, 1064 oo 90.78 || Oct. 22, 1064 LYY | R
6-7-22bb
Oct. 27, 1954 | ss00 | Nov.1y, 1056 __._. EYRL>Y | O N
6-7-27ca
Oct. 22, 1954 .. 85.37 || Jan. 26, 1065 _. YR | A N
6-7-27da
Oct. 22, 1954 . 93.31 || Tan. 25, 1985 __.__.. 98,02 || oo
6-8-8cc
Oct. 21, 1952 ..o 102.54 || Oct. 28, 1964 ... SN ) | I A
6-8-17bb
T wa— ] A e oo
[ — 100,31 || Moo fo0 2T 0570 || o0 B 6.8
) 6-8-32bb
Oct, 20, 1962, .oo__. 92.55 || Oct. 28, 1954 93.12
6-8-36be
Aug. 12,1064 ... 04.30 || 0ct. 28,1084 oo OBTT || e
7-5-5ch
Apr.23,1963_......| 5148 | Oct. 20,1054 ... B4.05 | oo
7-5-84d
Apr. 28,1953 ... 80.47 || Nov. 12, 1954... 81.20
7-5-9dc
July 7, 1964 oo 85.50 || Nov. 12, 1954 84.40
7-5-15¢a
July 10, 19583 . ... 76,80 || Nov. 12, 1964 .____. LX) | J-. .
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TaBLE 11.—Measurements of depth to water in wells in Clay County—C-ntinued

Date Water Date Water Date Water
7-5-35cd )
82
65,32

7-6-1ab

Apr. 27,1968 ..o © 66,38 || Oct.20,1954..__._.__. 6927 [| 2o
7-6-2¢d

Oct. 20,1064, ._.__.____| 79.64 || Nov.12,1954._________ EN ) | TS U,
7-6-3ab -

Apr. 27,1963 .o 58.70 || Nov.12,1954. ... 6198 ||.-.... -
7-6-4bd

July 22, 1964 .o oooo.on 63.06 || Oct. 20, 1954.___..___. 59.86 || Nov.11,105¢..........| 59.84
7-6-23an

July 22,1854 .. _..____ 54.83 || Nov.12,1054.._____... =TT | IS
7-6-24dd

Apr. 27,1968 ... 72.52 || Nov. 12, 1954.__..____. (0N | IO
7-7-3ba

July 10, 1063 ... 67.70 || Oct. 20, 1964 . ... 68.08 || Nov. 10, 1054 ___.._... 67.93
7-7-4de

Apr. 30,1963 _.__.____. 67.00 || Nov.10,19854_._____._. [ 3:1530 | NSRRI (R
7-7-6dc

July 23,1964 .. __.___. 96.88 || Nov. 10,1064 ______.. YR | T IS
7-7-14ba

Apr.30,1953_ . ._____. 65.83 {| Nov. 10,1954 ........ (it I | RN SO
7-7-15ac )

Apr. 30,1053 .. _...._. 65.74 || Oct. 28, 1954._._______. 6726 f|-emmmmeeem e e
7-7-15da -

Apr. 30,1953 ... ... 64.87 || Oct. 28,1954 ... 66,90 {| oo
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TaBLE 11.—Measurements of depth to water in wells in Clay Counly—Continued

Date Water Date Water Date Water
level level level

7-7-23ac

July 10, 1953 .._______. 68.50 || Nov. 9, 1954.._____.___ (X | U I,
7-7-27da

May 1,1953. oo 76.03 || Nov. 11,1964 . _..__ T5.87 [|-mem e e
7-8-4db -

Apr. 21,1953 .......... 95.22 || Nov. 10,1954 ... L2 | RN S
7-8-5db

Apr.21,1953 ... ... 102.27 |} Nov. 10, 1954 __...__. 303,40 - oo e
7-8-7cb

July 8, 1964 ccmmooomeee. 101.48 || Nov. 10,1954 ... 100.90 ||l
7-8-7dd

Apr. 21,1953 ... ... 100.60 || Oct. 21, 1954.... .. __. 100,60 Jf - oo e
7-8-8db

Apr. 21,1953, cceeenun- 96.62 f Nov. 10,1954 ... ... 98.27 H--meeemmmeem e mmme b
7-8-10ab

Apr. 21,1958 ... ..... 90.53 |! Oct. 28, 1954_ .. ... 92.00 |} Nov.10,1954_ . ..... 92.26
7-8-16aa

Apr.1,1954. ... ... 99.00 || Jan. 5, 19566 o eneeo L > | PRI SR,
8-5-8ec

Apr. 28,1983 ...._..... 78.86 |} Oet. 19, 1954___.....__ 1P 4 | I S
8-5-22bb

July 2, 1964 ee oo 72.40 || Oct. 19,1954 ___.___. [ | (U SR
8-5-26¢ch

July 2, 1954cne .. 71,62 || Oct. 19, 1954... ... 2% 7 | PRI RE S
8-5-33cc

July 10, 1958............ 66.59 || Oct. 19,1954 ... ... 67.80 || Nov. 12,1954 . ... 67.82
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TABLE 11.—Measurements of depth to water in wells in Clay County—Continued
Date Vii;:rtg Date Vii;a;teeir Date \]‘La‘}t:ir

8-5-33de

Apr. 27,1953 ... 71.70 || Oct. 19,1954 ___._____ . O | IS NS -
8-5-33dd

July 10, 1953..oeemeeene 64.29 || Oct, 19,1954 ._____.._ 65.28 || ... )
8-5-34cd

July 2, 1954 o coooo.. 69.30 || Oct. 19,1954, _________ 69.38 f| e eees ) ..........
8-6-2cd

Apr. 28,1953 ___.. 70.24 || Nov. 11,1954 ... 72.36 || -oooe-
8-6-3ad

Apr.28,1053_ .. ... 75.10 || Nov. 11, 1954..___.____ L2 | IO S
8-6-9ad

Apr. 28,1953 ... 64.55 {} Nov. 11,1954 ________) \ 66.77 Mo e reeeem
8-6-10ca

Apr. 28,1953 ... 64.16 [} Nov. 11,1954 ... 66. 84

e 55
;& ;1; 81.26

8-6-13be

July 16, 1954 . ... 65.74 || Oct, 19,1954 .._.._... 66.83 ||
8-6-14bc

July 10, 1953 .o 64.91 || Nov. 12,1954, ._._.____ 65.21 —
8-6-14ch

July 10, 1953 ... 64.50 || Oct. 20,1954 ... (i.750 | I RSSO,
8-6-14db

Apr. 27,1953 ... 61.25 || Aug. 19,1954 _______| 66.89 || Oct. 19,1954, ... 64.65
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TABLE 11.—Measurements of depth to water in wells in Clay Couniy—Continued

Date Water Date Water Date Water
level level level

8-6-15¢cd

Apr. 27,1963 oo 61.32 | Nov.12,1954..._..._..| e4d0 ) ..
8-6-20ba

Apr, 28,1963 __._._.____ 62.79 || Nov.11,1954..___.._.. [V | N I
8-6-20dc

Apr. 28,1953 ... 69.55 || Oct. 20,1954 _______.. 72,96 || e
8-6-22cb

July 16,1954 ... 54.74 || Oct. 20,1954 __.._____ 53,49 [F-vemem e | meeemaae
8-6-24be

July 10, 1963 _ .. _._.__ 67.30 || Nov.11,1954..._______ (340 | I P
8-6-35ba

Apr. 27,1953 ... 73.46 || Oct. 20,1954 ________. 76,89 H| oo
8-6-36ca

TJuly 10, 1053 .o __. 74.77 || Nov. 12, 1954.._..____ X7 | R M
8-7-15db

Apr. 28,1953 .. __..._. 85.65 || Nov.9,1954______.____ 88.37 || e e
8-7-17ed

Apr. 20,1958 __..__._.. 83.28 || Oct. 22,1954 ... 85,80 || ool
8-7-19dc

Oct. 21, 1954 . _...._. 99.52 |} Nov.10,1954.... ... __ 99.29 (| Jan. 25, 1955 .. .__.__. 98.65
8-7-20¢cc

Apr.21,1953_____.__.__ 77.90 || Oct. 21,1954 ... | 80.99 || Jan. 25,1955... ... .__ 80.15
8-7-20dc

Apr. 21,1953 ... 75.85 || Nov. 10, 1954_..___.__. 78.54 || Jan. 25, 1955, .___... 77.99
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TaBLE 11.—Measurments of depth to water in wells in Clay} County—Continued
Date %x:t:ir Date %&:’t‘ﬁr Date Vi&(’as‘.rteelr

8-7-22bb

Apr. 20, 1953 o ocemeeee. 76.10 || Nov. 9, 1954 ____.____. | I,
8-7-28ac

Apr. 21,1953 ... 80.38 || Nov. 10, 1954 _____._.. 82.86 || Jan. 25, 1055 ... 82,36
8-7-31da

Apr. 21,1963 ... 77.80 || Oct. 20,195¢. ._...._{  80.00 || Nov. 10, 1054 _....._. 70.88
8-7-33ac

Apr. 30,1953 ..oooe.. 80.47 || Nov. 10,1954 _______ YRV | PO IS
8-7-36db

Apr.30,1953 . _.___.._ 67.00 || Nov. 11,1954 ____.____ 69.86 {|- oo |
8-8-lca

Apr.20,1983. ... 86.85 || Oct. 28,1054 ___.__.__ 0 | N
8-8-2bd

Apr. 20,1953 ... 86.76 || Nov. 10,1054, .________ R | IO ISR
8-8-dad

Apr. 20,1958 .....____ 96.00 || Nov. 10,1954 .._______ L | N I
8-8-5ad

Apr. 20,1953 __._.___._ 106.35 || Oct. 28, 1954 ______._. 208,68 {|oeooooe e
8-8-5cd

Apr. 20,1953 . _....__ 100.37 || Oct. 28, 1954 .___._.__ 10257 oo
8-8-7ca

Apr.22,1953. . ......__ 102.42 || Nov. 10,1954 ________. 10490 [} e
8-8-16dc

July 8, 1964, _..o...._. 97.22 || Nov. 10, 1954, ________ [ 70 | . IS

467829—59——11
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TABLE 11.—Measurements of depth to water in wells in Clay County—Continued

Date Water Date Water Date Water
level level level
Apr. 22,1953 __ 105.29
June 24, 1954 104. 80
Aug. 109. 94
107.79
8-8-26¢ch
Apr. 21,1953 _...___.._ 92.00 || Nov. 10, 1954_._____... [T | D B,
8-8-30ac
Apr. 22,1953 ... 108.57 {| Nov.10,1954_____..... 10,28 e et
8-8-36bb
Oct. 21,1954 _._..___._ 70.51 || Nov. 10,1954 _.__._____ 70.39 {| oo -
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distribution._..__.....
Harvard, depth to water table_:.

location and population .
Hastings silt loam
Highways . ceeenan- [
Holdrege formation
Hydrographs
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recharge....---- 48 . q
suitability of water. ..o oo 79 Saline sotl, d T bt
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Niobrara formation ..o .. ... 12, 15, 16, 18-19 Sappa formation - 26, 27
Nitrate....... 73 | Stratigraphic units, generalized section and
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Rainwater, ¥, H., Chemical quality of the recharge. i}
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